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FOREWORD 


Night and continuous operations place new and unique demands on 
operating personnel. Effective doctrine and tactics cannot be formu¬ 
lated unless human capabilities and limitations in this environment 
are understood and accommodated through equipment aids, new operating 
procedures, and special training, as well as revised manning and rota¬ 
tion cycles. 

This document represents the most recent product of ARI research 
on Human Performance in Continuous Operations. Earlier work has been 
published in the three volumes of Research Product 80-4> Volume I 
presents Gui delines to the military user on expected human performance 
capabilities during continuous combat. Volume II provides a Managemen t 
Guide on how to minimize expected performance decrements during contin¬ 
uous operations. Volume III, T echnical Supplement , depicts the techni¬ 
cal aspects of the development and background data for the information 
contained in Volumes I and II, and describes the methods employed for 
predicting performance degradation. Together these volumes update and 
replace ARI Research Product 79-8, "Human Performance in Continuous 
Operations Guidelines," and Technical Report 386, which provided back¬ 
ground data. The three volumes provide a body of general and highly 
specific information about the soldier's tasks on which degraded per¬ 
formance can be anticipated during continuous operations. This research 
report provides a description and user's manual for a computer simula¬ 
tion model which evaluates performance degradation during continuous 
operations. The computer model provides combat effectiveness data by 
processing the information embodied in the earlier volumes. The infor¬ 
mation provided in the earlier volumes and in this report will be use¬ 
ful to tactical planners and training specialists. 

The research was conducted under Contract DAHC 19-77-C-0054, as 
part of Army Project 2Q163743A774, Man-Machine Interface in Integrated 
Battlefield Control System, FY 1978 Work Program. The research was 
supported by CACDA/CATRADA at Fort Leavenworth, Kansas, which was the 
TRADOC sponsor. Special thanks are due to Colonel Robert N. Morrison, 
Major Michael G. Jones, and Major Robert 0. Livingston for their recom¬ 
mendations and cooperation. 
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HUMAN PERFORMANCE IN CONTINUOUS OPERATIONS: DESCRIPTION OF A SIMULATION 
MODEL AND USER'S MANUAL FOR EVALUATION OF PERFORMANCE DEGRADATION 


BRIEF 


Requirement: 

This simulation model was developed to aid in the understanding of human per¬ 
formance during night and continuous operations. The model was designed as a 
means of assessing the cumulative effect of many stress-producing variables on 
human performance during continuous combat. In addition, the model allows insight 
on the potential interaction between variables which affect combat performance. 


Description: 

This technical report is a description and user's manual for the computer 
simulation model PERFECT. PERFECT is a computer simulation model designed to 
analyze the PERF ormance Effectiveness of Combat Troops. The model simulates 
degradation of combat effectiveness and stress buildup of ground combat troops 
during continuous operations. This model permits analysis of anticipated per¬ 
formance effectiveness when variables such as continuous time in battle, light 
level, enemy/friendly numerical ratio, enemy/friendly material ratio, enemy/ 
friendly terrain advantage, amount of platooning and amount of sleep, are varied 
alone or in combination. 

The model uses effectiveness values derived from ARI Research Product 80-4 
(Vol 1), which presents guidelines on expected human performance capabilities 
during continuous operations, to yield estimates of performance indices and 
stress values. These estimates are given by type of unit, by composition of 
unit, by initial proficiency level of unit, by performance factor, by total 
operation of all units and by enemy/friendly strength ratios. 

The model is designed for interactive operation at a terminal by a user with 
no or minimum sophistication in computer science. 


Utilization: 

As presently configured the model has utility for tactical planners and 
training specialists. The model can aid in the realization of training needs, 
doctrine needs, equipment needs, and tactical requirements. The model may also 
be used in conjunction with other war-gaming models. Hie model can be used as 
an "exercise" in planned training programs, as a means of demonstrating the 
importance of human performance parameters to mission success. 
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CHAPTER I 


INTRODUCTION AND OVERVIEW 


This manual provides "How to do it" instructions for using a comput¬ 
er model which simulates the effectiveness degradation and stress buildup of 
ground combat troops during continuous operations. The model is named 
"PERFECT" for PER F ormative Effectiveness of Combat Troops. Its objec¬ 
tive is to process the detailed effectiveness data presented in the Guidelines- - 
Human Performance in Continuous Operations, Volumes I and 111 (Siegel, et 
al. , 1980 ) and to produce summarized effectiveness predictive curves for 
specified numbers and types of Army combat units during continuous opera¬ 
tions. The approach permits an analyst to make computer runs under input 
parametric conditions which he selects, and to observe the effect of these 
conditions on the general effectiveness levels of the combat units involved. 

The model permits continuous operations lobe simulated over periods of up 
to five days. It is hightly flexible and is designed to run from a small scale 
computer system terminal. For most applications, minimum input require¬ 
ments are involved. Use of the model requires little, if any, knowledge of 
computer systems. Moreover, the model is designed to run quickly, i. e. , 
to provide output on line with no noticeable time spent in waiting for calcula¬ 
tions to be completed. This facilitates the performance of interactive "ex¬ 
periments" in which a set of "what if" questions may be answered. 

Model Overview 


A list of some of the major features of the PERFECT model is shown 
in Table 1.1. The simulation model is based on a series of manipulations of 
a four dimensional matrix of values of combat troops'effectiveness, as a func¬ 
tion of the composition of the combat force, the mission (platoon action) se¬ 
quence designated, and a series of parameter input values. In general, effec¬ 
tiveness levels will degrade as a function of time, but improve (increase) with 
sleep/ rest (if sleep/rest is specified by the parameter inputs). Effectiveness 
also degrades with increasing stress level of the troops. This stress level, 
in turn, is a function of the value of several parameters including light level 
conditions, terrain advantage, squad proficiency levels, enemy/ friendly per¬ 
sonnel strength ratio, and enemy/friendly material strength ratio. Effective¬ 
ness also improves (i. e. , is restored) when platooning is specified to replace 
designated combat units. 

In order to gain a perspective of the scope or "size"of the model, it 
is helpful to observe the values selected for the maximum value of key vari¬ 
ables. These are shown in Table 1.2. The model handles operations up to 
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Table 1. 1 


Summary of Features of Simulation Model 

• Utilizes effectiveness values presented in the Guide¬ 
lines—Human Performance in Continuous Operations , 
Volume III 

• Incorporates stress buildup resulting from battle 
conditions and stress relief 

• Flexible, understandable set of input parameters 

• Programmed for computer interactive terminal operations 

• Accomodates continuous operations of combat troops for 
up to five days duration 

• Considers platooning (replacement) at the squad level 

• Incorporates defensive and allows expansion to offensive 
operations 

• Allows a variety of selectable output options 

•Provides an effectiveness profile by combat unit type 
and by performance factor 


Table 1 .2 


Principal Model Limits 


Variable 


Maximum Current Value 


Days 5 
Duty Positions L6 
Type of Combat Units 9 
Number of Units of Each Type 5 
Factors 5 
Types of Platoon Action 
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five days in duration. It considers a maximum of 16 duty positions and nine 
combat unit types (mechanized infantry, armor, etc. ). The PERFECT mod¬ 
el simulates three platoon actions for which data are currently available (see 
Guidelines) on the basis of five summary factors. The model is designed so 
that these limits can be expanded later, if desired, to simulate different sce¬ 
narios and additional duty positions, combat unit types, factors, and platoon 
actions. 

The model allows an analyst, using a computer terminal, to enter 
parameters, make input data changes, implement a simulation run, and re¬ 
ceive an immediate report of results since computer response to each in¬ 
teraction takes only a few seconds. This capability makes practical a se¬ 
ries of runs in which the selection of a subsequent run can be dependent on 
the results of prior runs. 

Figure 1. 1 presents a general flow diagram of the major steps which 
can be performed (or bypassed) when employing the model. Step-by-step 
terminal user 's instructions follow in Chapter 11 and are supported by a full 
flow chart which is presented in Appendix A. 

More specific detail about the functions, logic, processing, and cal¬ 
culations which the program performs are given in Appendix B. A flow 
chart of the program is presented in Appendix C. Appendices D and E pre¬ 
sent technical data relative to the model's content and Appendix F presents 
a list of the primary variables used in the model. 
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Figure 1.1. Global Model Flow 




























CHAPTER H 


STEP-BY-STEP PLANNING INSTRUCTIONS 


Because a battle scenario (mission), default values, and associated 
raw effectiveness values, and the like are already embedded in the PERFECT 
model, many of the steps described in Chapter II are customarily skipped 
during model use. This chapter lists and describes in a sequential manner 
all of the possible steps involved in planning to use the PERFECT model. 
The major elements included here are those involving familiarization, plan¬ 
ning, and preparing data for the simulation: 

• Selecting the strength (number of men) in each 
operational unit to be simulated 

• Making any desired changes in the basic effec¬ 
tiveness table upon which calculations are based 

• Developing a mission and preparing data 

• Planning and selecting parameter values to be 
applied during the simulation. 

The tasks involved in implementing the computer simulation are 
itemized in Chapter III. 

All required mission, parameter and other data are already pre¬ 
stored and available. One or more computer runs may be made without devel¬ 
oping a new mission or performing planning tasks. If the user does not wish to 
develop a new mission, but to utilize all data previously prepared, or if 
the user already has familiarity with the model, the user may continue di¬ 
rectly with the procedures given in Chapter III. 


Step A. Manning Table Development 

1. Study the Manning Table Input form (Table 2.1). 

2. Determine the number of men to be assigned 
in the simulation to each of the 16 duty posi¬ 
tions. (It is also permissible to determine 
these values for a subset of the 16, i. e., only 
those combat types planned to be simulated). 

3. If simulation runs are to be made using the 
number of men indicated in the Default Value 
column of Table 2. 1, skip the rest of step A 
and go to step B below. In this case, it will not 
be necessary to perform any further manning 







Table 2.1 


Manning Table Input 


Combat 

Unit 

Type 

Identifier 

(X) 

Unit Type 

Duty Position 

No. of Men 

No. of 
Critical 
Tasks 
CT(DP) 

Number 

DP 

Name 

Default Number 
Value HEN (DP) 

1 

Mechanized In¬ 

1 

Gunner/Carrier 

1 

17 


fantry Squad 


Team Leader 





2 

Maneuver Team 

4 

15 




Member 





3 

Squad Leader 

1 

17 

2 

Mechanized In¬ 

4 

Platoon Leader 

1 

27 


fantry Platoon 






Leadership 





3 

Tank Crew or 

5 

Tank Commander 

1 

15 


Armor Crew 

6 

Tank Gunner 

1 

5 



7 

Tank Loader 

1 

12 

4 

Tank Platoon 

8 

Tank Platoon 

1 

26 


Leadership 


Leader 



5 

Tank Crew 

6 

Tank Gunner 

1 

5 


Alternate 

7 

Tank Loader 

1 

12 

6 

Fire Support 

9 

Forward Observer 

1 

27 


Team (FIST) 

10 

Radio/Telephone 

1 

1 




Operator 



7 

Fite Support 

11 

FIST Chief 

1 

29 


Team Leader¬ 

12 

FIST NCO 

1 

2 


ship 





8 

Artillery Section 

13 

Howitzer Section 

1 

11 




Chief 





14 

155mm Gunner 

1 

17 



15 

155mm Crew Member 

3 

14 

9 

Artillery Battery 

16 

Artillery Battery 

1 

6 


Leadership 


Executive Officer 









table development as these values are prestored 
in the model. Also, in this case, it is not nec¬ 
essary to run-ihe preprocessor program. 

4. Otherwise, enter the number of men of each type 
into the blank column of Table 2.1. During the 
computer run,' it will be necessary to enter these 
manning values and call for the preprocessor to 
be run. 


Step B. Effectiveness Value Changes 

A table of values is prestored within the model for end of day effec¬ 
tiveness for each combination of: 

Range 


Day 

D 

1 through 5 


Platoon Action 

PA 

1 through 3 

(see Table 2.3) 

Duty Positions 

DP 

1 through 16 

(see Table 2. 1) 

Critical Tasks 

CT 

1 through 29 



Effectiveness values for all conditions are shown in Appendix D. The effec¬ 
tiveness matrix is a detailed list of projected effectiveness values for crit¬ 
ical combat tasks as given in the Guidelines--Human Performance in Con¬ 
tinuous Operations. The matrix consists of detailed effectiveness values by 
unit type and duty position for each critical task over a five day continuous 
operation. 

The assumption is that all effectiveness values are equal to one (no 
degradation) at the start of the scenario. This is illustrated in Figure 2. 1 
for the mechanized infantry unit, maneuver team member, critical task 1, 
and platoon action 1. Data for a sixth mission day are calculated in the 
model's preprocessor by linear extrapolation. This extrapolation is re¬ 
quired due to the technique selected for stress calculation. 

1. If no changes are to be made to these values, 
proceed to step C below. 

2. If changes are to be made, record the changes. 

These changes will be entered into the comput¬ 
er later by providing values of D, PA, DP, CT, 
and EFF for each change, where EFF is the end 
of day effectiveness (range 0 to 100). 


If there are effectiveness value changes to be made, it will be neces¬ 
sary to run the proprocessor (once) to incorporate them into the simulation. 
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Step C. Mission Data Planning 

1. Study tlu' l ombut unit types listed in Table 2.1 
and seleet tlie types to be simulated. 

2. Seleet the number of eaeh type of unit to be 
simulated, liefer to Table 2.2(a) for- a sample. 

3. Knter your seleet ion of the number- (i. e. , 
quantity) ot' eaeh type of eombat unit on a 
eopy of Table 2.2(b). Do not enter a value 
of T greater than 9. Do not enter a value 
of U greater than a. 

4. Study the four platoon aetion eode assignments; 

0, 1, 2, and 3 presently implemented in the 
model. These are indicated by astei-isks in 
Table 2.3. 

5. Study the missiondata table input requirements 
shown as an example in Table 2.4(a). Using 
the blank copy of that same format, shown in 
Table 2.4 (b) (or equivalent), design each desir¬ 
ed mission one day (1)) at a time, in order by T. 

The mission data represent the sequential list of platoon actions and 
corresponding durations for each unit type to be simulated over the contin¬ 
uous operation. Up to five units of eaeh of nine types can be specified in a 
run which simulates up to five days of continuous operation. 

Note that; 

a. Kor each combination of T and U values, the 
sequence number(s) begin with one. 

b. Duration values are in hours and tenths of an 
hour. These values must range between 00. 1 
and 24.0 

c. The sum of all duration values for a T, U pan- 
must be 24.0 for each day, except possibly 
the last day for which the summary may be 
any value within the 00. 1 to 24.0 range. 

These data will be entered via the terminal in the order shown start 
iug with the lowest T value. 


Step I). Parameter Selection 


1. Study the list of available parameters. Sym¬ 
bolic notation and the associated value ranges 










Table 2. 2 

Combat Units to be Simulated 

(b) 

Enter Data Here 3 

(a) ; 

Example Number 1 

Combat Unit Type of Combat Units to Number of Combat Units j 







Table 2. 3 

Platoon Action Code Assignments 




Platoon Action 
Number 

(PA) _ _ Description 

0* Sleep 


1* 

Repel an enemy assault 
from a battle position 

2* 

Create and defend a 
strong point 

3* 

Disengage and occupy 
a new battle position 

4 


5 

To be determined 

6 


7 

Reconnaissance 

8 

Retrograde 


Platoon Action 
Type _ 

Sleep 


Active defense 


Offensive oper¬ 
ations 

Reconnaissance 

Retrograde 


9 


To be determined 


To be determined 
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Table 2 . 4 
Mission Data 



UNIT 

DAY TYPE NO. SEQUENCE NO. PLATOON ACTION DURATION 
D T U_ S_ PA_ PUR D T U S PA DUR 



2.20 

4.30 

2.20 

8.30 
7.00 

24.00 

8.00 

8.00 

8.00 

24.00 

10.50 

3.00 

10.50 

8.00 

8.00 

8.00 

24.00 

24.00 

24.00 

24.00 

24.00 



211 1 1 12.00 

211 2 2 12.00 

212 1 l 24.00 

221 1 1 24.00 

232 1 1 24.00 

251 l 1 24.00 

261 1 l 24.00 

262 1 1 24.00 

263 1 1 24.00 

264 1 0 24.00 

265 1 1 24.00 

291 1 1 24.00 


311 l 2 4.00 

3 12 l 2 3.00 

321 1 2 2.00 

332 1 2 1.00 
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are given in Table 2. 5.. The set of parameters 
was selected to make the model flexible, i. e., 
capable of simulating a wide range of interest¬ 
ing continuous operations situations, and so as 
to require no data collection or analysis by the 
user when he performs simulation runs. 

2. Select a set of initial run parameters and enter 
them on a copy of Table 2. 6, next to the sam¬ 
ple data. Additional parameter sets may be 
selected either in advance or during terminal 
operations. Frequently, the results of one 
run will provide ideas for parameter selection 
for successive runs. 

a. Select UPF(T)=1 to represent a combat unit 
type of nominal proficiency. Greater profi¬ 
ciency values are specified by UPF(T) less 
than one; lower proficiencies represent 
UPF(T) greater than 1. 

b. Select one light level profile number (1-9) 
as input for each day of the simulated mis¬ 
sion based on the light level (L) input da¬ 
ta and conditions shown in Table 2.7. The 
light level profile input parameters iden¬ 
tify one oi the nine preselected 24 hour 
sets of light conditions shown in Table 2.8. 
Each value represents a type of day (weath¬ 
er) to be simulated. The individual values 
in Table 2. 7 represent hourly light level 
conditions whose meanings are shown in 
Table 2. 8. 

c. Select EFM, EFTA(D), and EFP values 
of unity to represent an equality between 
enemy and friendly forces in material, 
terrain advantage, and personnel res¬ 
pectively. Select values less than one 
to represent friendly forces advantage; 
greater than one represent enemy ad¬ 
vantage. 

d. Use Table 2.9 to facilitate selecting the 
enemy/friendly terrain advantage input 
value. Three elements identified as sig¬ 
nificant in terrain advantage are: con¬ 
cealment, altitude advantage, and mo¬ 
bility. They are assumed to have equal 
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Table 2.5 
Parameters 


Program T Permissible 


Mo. 

Parameters 

Name 

Format 

Range 

1 

Unit proficiency factor, proficiency 
of troops in each unit 

UPF(T) 

X.X 

0.6-1.5 

2 

Enemy/friendly material strength ratio 

EFM 

XX.X 

0.1-10.0 

3 

Enemy/friendly terrain advantage ratio 
for each day 

EFTA(D) 

X.X 

0.2-5.0 

4 

Enemy/friendly personnel strength ratio 

EFP 

XX. X 

o 

o 

H 

1 

H 

o 

5 

Light level profile for each day 

L(D) 

X 

1-* 

6 

Time of day battle starts, an hour 
number 

HR 

XX 

0-23 

7 

Unit replacement data, i.e., conditions 





for replacement for each of up to 20 
replacements, R 


Combat unit type 

/enter in 

RT(R) 

X 

1-9 

Combat unit number 

(time 

RU(R) 

X 

1-9 

Day number of battle 

/sequenced 

RD(R) 

X 

1-5 

Time of day 

1 order 

RH(R) 

XX 

1-23 


8 


Hours since last sleep at start of battle 


HSLS 


XX 


0-99 









Table 2. 6 



Parameter Values 


Unit Proficiency 

i Factor 



Enter Selected 

Permissible 

Sample Data 

Parameters Here 

Ranee 


EFTA(D) 


Replacement 


1.0 

0.6-1.5 

1.0 


.0 


.0 


1.6 


i 

o 

• 

1 

>—• 
o 

o 

0.8 

0.1-10.0 

1.2 


1.1 


1.0 

0.2-5.0 

L(D) Sample 

- 

2 


1 


3 

1-9 

4 

0-23 

D T U HR 

- 

2 2 14 



D-l-5 


T-l-9 


U-l-5 


HR-1-21 
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Light Level Information 



Represents clock time of 


Table 2.8 

Light Level Categories 


LIGHT (L,H) 

Value of Light Level 

1 

2 

3 

4 

5 

6 

7 

8 


_ Light Conditions _ 

Starlight on earth 
Starlight on anew or half moon 
Full moon on earth 
Full moon on snow 
Late twilight 
Early twilight/dense clouds or haze 
Overcast day/light haze 
Light, overcast day 


9 


Clear, sunny day 











Table 2. 9 

Terrain Advantage Parameter Selection Guide 


Enemy/Friendly 
Terrain Advantage 
Parameter Value 
(EFTA) 

Number of Elements 

Enemy 

Advantage 

Equal 

Friendly 

Advantage 

0.2 

All 3 

- 


0.4 

Any 2 

1 

- 

0.6 

Any 2 

- 

1 

0.8 

Any 1 

2 

- 

1.0 

- 

All 3 

- 

1.0 

Any 1 

Any 1 

Any 1 

1.25 

- 

Any 2 

Any 1 

1.67 

Any 1 

- 

Any 2 

2.5 

- 

Any 1 

Any 2 


5.0 


All 3 






importance. Table 2.9 shows various con¬ 
ditions of enemy, friendly, or no advantage 
and a corresponding value of the input para¬ 
meter which can be selected to represent 
each of the cases. The range was selected 
so that there is a five to one swing from 
the equilibrium condition to the case in 
which either side has complete advantage. 

e. Select HR as the time of day when the battle is 
to begin where 00.0 is midnight and 12.0 is noon. 

f. Select up to 20 sets of replacement data to 
define the conditions of platooning desired. 

g. Select HSLS to represent the number of 
hours since the friendly forces slept last. 


Step E. Factor Identification 


1. Become familiar with the meaning of the five as¬ 
signed factors (Table 2. 10). Each critical task 
for which effectiveness data are prepared has been 
categorized into one of the factors. The original 
factor derivation was based on a factor analysis 
of the various tasks. This factor analysis is de¬ 
scribed in Appendix II to Siegel, etal., 1980. Ap¬ 
pendix E of this user's manual shows a complete 
listing of the current factor assignments for each 
duty position and critical task. Output results are 
given both by day and by factor. 


Table 2. 10 

Factors and Factor Task Assignment Values 
Factor Number 

_£Fj_ Factor 

1 Command and Control 

2 Combat Activity 

3 Coordination and Information Processing 

4 Preservation of Forces and Regrouping 

Activity 


5 


Orientation to Friendly and Enemy Troops 
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CHAPTER III 

STEP BY STEP MODEL USER'S INSTRUCTIONS 


Chapter HI describes the sequential steps which form the basis for 
use of the PERFECT model. Generally, each simulation (processing) run 
requires a very simiiar set of user operations. It is expected that famil¬ 
iarity with the procedures will be gained after only a very few usages, i.e., 
a significant facility both in the use of the model and the computer termi¬ 
nal does not require a knowledge of computers or programming. 

The user operations itemized in this chapter may be performed at 
a computer terminal which can be either a cathode ray tube type device 
with keyboard or a hard copy printer-terminal. The type of terminal and 
line speed are essentially independent of the program, although the pro¬ 
gram was developed for use with a teletype KSR. 

Accordingly, the term "print” used in this chapter also means "dis¬ 
play" for a CRT terminal. The primary instructions, presented in this 
chapter, are summarized in symbolic or logical form in Appendix A. The 
terminal user may utilize either the text which follows or the Appendix A 
diagram as a source for guidance. Initially, the following step-by-step 
guidance will be helpful because it provides some background information 
or reasoning on the procedures. Later, after practice has yielded facil¬ 
ity, the user may find that a written procedure is not necessary and use 
Appendix A for guidance. Still later only infrequent reference to the ma¬ 
terials may be required. If necessary to the model application run under 
consideration, it is assumed that the planning tasks described in Chapter I 
have been completed. 

Step F. Terminal Log-on 

1. Dial the phone number of the computer center 
(for remote operation). 

2. Turn the modem or coupler "ON" (if it is a 
device separate from the terminal). 

3. Upon hearing a high pitched sound in the phone's 
receiver, place the phone's handset into the 
modem (coupler). Be sure the mouthpiece is 
placed in the cord end receptacle. 

4. Turn the terminal's mode switch to the "LINE" 
("REMOTE") position to indicate that interac¬ 
tive (not local) operations are to follow. 
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5. Press the RETURN key. On some terminals, 
this key is marked TRANSMIT, or some other 
similar name. 

6. Press and hold simultaneously the "CONTROL" 
and "SHIFT" keys. While these are pressed, 
also press the "M" key. Then enter your us¬ 
er identification code and charge number ob¬ 
tained from the computer center. The comput¬ 
er will respond with; 

CONNECT CODE *= XXXX 

XXX BLOCKS FILE SPACE AVAILABLE 

ETC, and end with an asterisk; 


Step G. Other Terminal Operations 

This section describes some utility operations which a terminal op¬ 
erator may need before, during, and after, simulation model runs. Each is 
independent of the other and these procedures may be performed in any or¬ 
der. 


If the operator is already familiar with these operations (or their 
availability) and is ready to begin model simulation model runs, proceed 
directly to step H below; 

1. To terminate terminal operations; (this proce¬ 
dure can be used only following the printing of 
an * (see G. 3 below)). 

a. Enter BYE and press the RETURN key. 

b. Computer will print the cost of this ter¬ 
minal session and the total cost on this 
charge to date, followed by log-on time, 
log-off time, and date. 

2. To correct operator typing errors; 

a. To delete a line entered prior to its 
transmission to the computer; hold 
down the "CONTROL" key and simul¬ 
taneously press the "x" key. 

b. To delete the most recent character 
(TTY only) entered prior to its trans¬ 
mission, hold down the "CONTROL" 
key and simultaneously press the "H" 
key. 
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3, To terminate a terminal print before its com¬ 
pletion or to signal completion of all runs de¬ 
sired for a single session: 

a. Press the "BREAK" key: 

b. The computer will respond by stopping 
the transmission of data which are be¬ 
ing processed and will cause a carriage 
return followed by 


4. To list the basic files stored as part of the mod¬ 
el (input tables) program: 

a. Obtain the computer "*" output (see G. 3 
above). 


b. Select the desired file (shown below) and 
and enter (as shown below): press the 
RETURN key: 


File 

Effectiveness = El 
Factors 
Manning 
Mission 

Selected program 
subroutine 


Enter 
LIST EFF1 
LIST FACTOR 1 
LIST MEN 
LIST MISSION 

LIST [Subroutine name] 


Step H. Simulation Run Setup and Preprocessor 

Specific terminal operations and computer responses are shown in 
logical/graphical form in Appendix A. Use of the Appendix A materials 
will facilitate terminal operation. 


[SET UP | 

The following procedures are initiated following step F. 6 above: 

1. Enter OLD PERFECT and press the RETURN 
key. 

2. The computer will print; * 

3. Enter FRN and press the RETURN key. (FRN 
signifies a FORTRAN language run.) 

4. The computer will print the date and time. It 
will querie whether or not output data and in¬ 
termediate arrays are to be printed at the 
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computer center off-line via line printer. These 
arrays include preprocessor matrices, all input 
values including the effectiveness table, matrices 
from the simulation run, and the maximum stress 
table. 

5. Respond by pressing Y or N and the RETURN key. 
Here and hereafter, Y signifies "YES" and N is 
"No." 

1 PREPROCESSER 1 

6. The computer will ask whether or not the prepro¬ 
cessor is to be run prior to the next simulation. 

It is only necessary to run the preprocessor to in¬ 
corporate new data representing any one or more 
of the following: 

a. Changes to the manning data (see Table 2. 1). 

b. Changes/corrections to the initial input ma¬ 
trix of effectiveness values. (Appendix D) 

c. Changes to assignments in the factor table 
(Appendix E). 

Otherwise, the model retains the results of the 
preprocessor run using the most recent data for 
effectiveness, manning, and factor values. 

7. Respond by pressing Y or N and the RETURN key. 

8. If preprocessing is not selected, go to step J (there 
is no step I). 

1 EFFECTIVENESS CHANGES | 

9. If running the preprocessor is selected, the com¬ 
puter will solicit new values of effectiveness and 
print the allowable range of the four categories 
(see step B above). 

10. Enter values for day number, platoon action, du¬ 
ty position, critical task number, and the new ef¬ 
fectiveness value sequentially, separated by com¬ 
mas without spaces, and press the RETURN key. 
After the last such entry is made, enter 0,0, 0,0, 

0 and press the RETURN key. 

11. If not, respond N and press the RETURN key. 
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I FACTOR CHANGES! 

12. The computer queries whether changes in the 
factor table {Appendix E)are desired (see step 
E above). If no such changes are to be made: 
respond N, press the RETURN key, and pro¬ 
ceed to step H. 14 below. 

13. If Y, follow the computer presented instruc¬ 
tions on value ranges entering the duty posi¬ 
tion, critical task, and new factor value sep¬ 
arated by commas (without spaces) and press 
the RETURN key. 

Do this for all factor changes. When no fur- 
thur changes of factors are desired: enter 0, 

0, 0, and press the RETURN key. 

| MANNING CHANGES^ 

14. The computer queries whether manning changes 
are desired. 

15. If none are desired: respond N, press the 
RETURN key and go to step J. 1 below. 

16. If changes are desired: enter a duty position 
number, comma, number of men desired for 
that duty position, and press the RETURN key. 

When no further manning changes are desired: 
enter 0,0 and press the RETURN key. 

17. The computer now runs the preprocessor (see 
Appendix B). 

Step J. Simulation Run Inputs 
| LIST MISSION 1 

1. The computer queries the operator's interest 
in having a current list of mission data printed 
at the terminal. 

2. If the list is not desired: enter N, press the 
RETURN key, and go to step J. 4 below. 

3. If the list is desired: enter Y, press the RE¬ 
TURN key, and the entire current set of mis¬ 
sion data will be listed. Table 2.4 shows a sam¬ 
ple of this table. 
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I MISSION CHANGES | 

4. The computer queries the operator's interest 
in making changes to the mission data. (See 
step C above) 

5. If no changes are desired: enter N, press the 
RETURN key, and go to step J. 7 below. 

6. If mission changes are desired; follow the com¬ 
puter instructions which are printed at the ter¬ 
minal, entering, day number, combat unit type, 
combat unit number, sequence number, platoon 
action number, duration, and change type. 

When no further mission data changes are de¬ 
sired: enter 0, 0, 0, 0, 0, 0, 0, and press the 
RETURN key. 

7. The computer will then print a table containing; 

a. All combat unit type (T) and combat unit 
number (U) pairs to be simulated. 

b. The number of days in the mission. A 
sample appears below: 

T U USED 
1 1 
1 2 
2 1 
3 2 

5 1 

6 1 

6 2 
6 3 
6 4 
6 5 
9 1 

#DAY= 3 

8. The computer then reports; 

MISSION DATA WRITTEN TO OUTPUT FILE 


I PARAMETERS! 

9. The computer queries whether the parameters 
to be used in the next simulation run should be 
read from the file (i. e. , the previous set of 
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parameters, possibly to be changed now) or 
whether so many of them are to be changed 
that it would be preferable to enter new val¬ 
ues for all of them now. (see step D above, 
and particularly Tables 2. 5 and 2.6.) 

10. If it is decided to read the prior set of para¬ 
meters: enter N, press the RETURN key, and 
go to step J. 12 below. The parameters will 
then be read from file. 

11. If it is preferable to enter all of the new pa¬ 
rameters: enter Y, and press the RETURN 
key. (see Appendix A circle G) In this case 
the computer will provide a prompted sce¬ 
nario in which a value is selected for each 
applicable parameter in the order shown in 
Table 2.b. Data will be requested only for 
those unit types and days to be simulated. 
For each parameter, select a value (the 
value must be within the allowable range 
printed by the computer), enter it upon re¬ 
quest, and press the RETURN key. This 
process ends with the entry of a value for 
hours since last slept (HSLS). 

12. The computer now provides the opportunity 
to list all parameter values by querying wheth¬ 
er or not the operator wants this list. 

13. If the list is not desired: enter N, press the 
RETURN key and go to step J. 15. 

14. If it is desired to have the parameter list 
printed; press Y, and the RETURN key. The 
computer will then list all parameters in the 
format: 

INPUT PARAMETERS 

TYPE UNIT 
PROF 
FACTOR 
1 1.2 

2 1 . 1 

3 1. 1 

5 1. 1 

6 1 . 1 

9 1. 1 

EFM 1.3 
EFP 0.8 


only those unit types 
to be simulated 
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DAY TERR 
ADV 
1 1.2 
2 1.2 
3 1.2 

DAY LIGHT 
1 1 
2 2 
3 3 

HR 1 

REPLACEMENTDATA 
# DAY TYPE UNIT HR 

1 2 2 14 

HSLS 24 

15. The computer then queries as to whether indi¬ 
vidual parameters are to be modified. 

16. If no: press N, the RETURN key, and proceed 
to step J. 18. 

17. If yes; enter Y, press the RETURN key, and the 
computer will list the eight parameter types for 
your selection: 

UPF - Unit Proficiency Factor 

EFM - Enemy/Friendly Material strength ratio 

EFP - Enemy/Friendly Personnel strength ratio 

EFTA - Enemy/Friendly Terrain Advantage 

L - Light level 

HR - Hour mission begins 

REP - Replacement 

HSLS - Hours Since Last Sleep. 

18. The computer requests the entry of a selected 
INPUT TYPE. 

19. Select the type desired, enter one of the abbre¬ 
viations listed above, and press the RETURN 
key. The computer will, provide prompting on 
the data required and ranges of values to be en¬ 
tered. 

20. Select the value within the range shown, enter 
it, and press the RETURN key. Decimal points 
and decimal values are acceptable for some 
parameters. 
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21. Repeat steps J. 18 through J. 20 for each param¬ 
eter to be entered. To signal completion of all 
parameter changes, enter END as an input type, 
press the RETURN key, and continue with step 
K. 


Step K. Simulation Run Execution 

In preparation for the simulation calculation, the operator is asked 
to indicate the level of output detail desired: 

1 OUTPUT operations! 

1. The computer queries whether a detailed print¬ 
out of the values of primary simulation variables 
is desired. A sample of such output, provided for 
each and every platoon action simulated is shown 
below: 

L(D)= 1 H * 9 LIGHTF = 1.40 

VUL 0.28 0.18 0.34 0.13 0.05 

STRESS = 0.40 0.25 0.47 0.19 0.07 

STRESS = 0. 30 

HRI1 = 0.05 HRI2 * 0.07 

D = 1 T = 1 U = 1 PA= 1 DUR=2»20 CTIME * 8.70 
STIME = 8.77 
SD =• 1 

SLPDEP x 8. 70 

ECUR = 0. 9271 0.9527 0.9002 0.9675 0.9878 
E4r 0.0074 0.0052 0.0147 0.0027 0.0010 

This level of detail will usually not be useful to 
most model users. 

2. If not desired: enter N, press the RETURN key, 
and continue with step K. 4. 

3. If detail is required: respond by pressing Y and 
the RETURN key. 

4. The computer queries whether the on-line listing 
of maximum stress values is desired. The for¬ 
mat for this is: 
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MAX STRESS ARRAY 


DAY 

MAXST 

MAXTM 

T 

U 

1 

8.98 

17.00 

1 

1 

2 

23.04 

24.00 

1 

1 

3 

27. 13 

4. 00 

1 

1 

2 

4.63 

24.00 

1 

2 

3 

18.70 

3.00 

1 

2 

1 

1.88 

16. 00 

2 

1 

2 

1. 10 

24.00 

2 

1 

3 

3.75 

2.00 

2 

1 

2 

2,23 

24.00 

3 

2 

3 

7.24 

8.00 

3 

2 

1 

1.51 

24.00 

5 

1 

1 

11.94 

24.00 

6 

1 

2 

4.45 

24.00 

6 

1 

2 

3.07 

24.00 

6 

2 

2 

4.33 

24. 00 

6 

3 

2 

1. 14 

24. 00 

9 

1 


One maximum value is printed for each combat 
unit on each day. The meaning and calculation of 
stress is discussed in Appendix B. 

5. If the list is not desired: press N and the RETURN 
key. If so: press Y and the RETURN key. 


| SIMULATE 1 


6. The computer will then execute the calculations 
involved in the simulation model using current 
values for all platoon actions in the mission da¬ 
ta, the factors, effectiveness values, and param¬ 
eters over ail days starting at the beginning of 
day 1. See Appendix B for a description of cal- 
culations. 

I outputs] 


7. If previously requested in step K. 3 above, the 
detailed printout will be listed on the terminal 
by the computer. 
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8. If previously requested in step K. 5 above, the 
maximum stress value table will be printed. 

9. The computer will unconditionally print the ma¬ 
jor model results in the form of two tables of 
effectiveness values. A sample of these tables 
is shown in Table 3. 1. The first part shows 
end-of-day effectiveness values by factor and 
the second shows end-of-day effectiveness val¬ 
ues by type of combat unit for each mission day. 

10. Following this output, the computer returns to 
step H. 14 above to query about the desirability 
of entering manning changes for next simula¬ 
tion run. This corresponds to circle H on the 
Appendix A flowchart, and represents the be¬ 
ginning of the cycle of interactions for the next 
computer run. If another run is desired, re¬ 
turn to step H. 14 and continue. 

11. Otherwise, press BREAK (see step G. 3) and 
enter the log off process (see step G. 1). The 
same log off can be achieved if the next three 
questions are answered NO (Manning changes. 
Mission changes, and Parameter read changes. 

12. After a terminal session (each run), the user 
can request a printout of the intermediate ar¬ 
rays including preprocessing. 

a. After *, enter BPRINT NOSEDATA 

b. Computer will respond IDENT 

c. Enter: ZEDD61, VFLAMS, 088457, 5631 

d. Arrange for pick up from the computer 
center of any intermediate tabulations 
requested during the runs, 

13. Alternately, these intermediate results may be 
noted on the terminal. Enter; 

L NOSEDATA and press RETURN. 
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Table 3.1 


Final Output—Example 


Effactlvenaes by Day and Factor (E7) 
Factor 


1 

2 

3 

4 

5 

Avg 

0. 74 

0.81 

0.88 

0.74 

0.67 

0.58 

0.67 

0.79 

0.67 

0.55 

0.50 

0.64 

0.60 

0.74 

0.63 

0.48 

0.46 

0.58 

0.55 

0.69 

0.60 

0.43 

0.43 

0.54 

0.50 

0.66 

0.57 

0.38 

0.41 

0.50 


Effectiveness 

by Day and Type 

<E8) 





Combat Unit Type 





3 

4 

5 

6 

7 

8 

9 

Avr 

0.92 

0 . 

0.92 

0.77 

0 . 

0 . 

0.39 

0.74 

0.80 

0 . 

0.89 

0.53 

0 . 

0 . 

0.37 

0.64 

0.75 

0 . 

0.86 

0.42 

0 . 

0 . 

0.36 

0.58 

0.70 

0 . 

0.84 

0.34 

0 . 

0 . 

0.36 

0.54 











CHAPTER IV 


INTERPRETING MODEL OUTPUT 


To perform effectiveness evaluations using the PERFECT model, 
the user enters systematically.sets of rationally selected parameters and 
the model processes the input data according to its internal algorithms to 
yield projected effectiveness values. The parameter values which are en¬ 
tered into the model are of a fixed form in which the numerical values (mag¬ 
nitudes) of certain characteristics of the situation of interest are stated. 
This set of numerical values is called the "input parameters," and is dis¬ 
cussed in Chapter II. Obviously, the numerical value for each input param¬ 
eter can be set "high," "low," or "moderate." In addition, the combina¬ 
tions (permutations) of values across the set of parameters permits a very 
large number of variations to be investigated. For example, a friendly/ 
enemy force ratio may be systematically varied while unit proficiency val¬ 
ues, terrain advantage, platooning, etc. are held constant or various com¬ 
binations of parameters may be varied. 

The model's mathematical algorithms amount to a set of rules by 
which each of the input parameters and combinations of the parameters 
are examined and evaluated. Then, by a further set of rules, an outcome 
is projected. This outcome (or output) is stated as a set of numerical val¬ 
ues. 

Interpretation of Effectiveness (E) Values 

The PERFECT model projects the effectiveness of the units simu¬ 
lated along a 0.00 to 1.00 scale. It does not predict whether the friendly or 
the enemy forces will be victors in the given engagement; it does not pre¬ 
dict casualties, equipment losses, locations, or similar matters that are 
projected by conventional battle models. The human performance effec¬ 
tiveness (E) output scale ranges from 0.00 to 1.00. While a decimal point 
appears in the index because of internal calculational necessity, the deci¬ 
mal point may be ignored in output interpretation. Accordingly, the E val¬ 
ue can be viewed as a percentage of effectiveness. The effectiveness (E) 
of a unit prior to combat amounts to 100 percent, and the effectiveness of 
this same unit when exhausted by prolonged battle under exceedingly adverse 
conditions may decline to zero. In this case, the unit has lost further tac¬ 
tical, military usefulness, even though it might miraculously have sustain¬ 
ed no casualties or equipment losses. The unit's personnel is too exhaust¬ 
ed to perform its combat tasks properly. Effectiveness (E) values are 
projected by combat unit type over five days (120 hours) of battle as well 
as for "factors" over these five days. "Factors" refers to major dimen¬ 
sions or types of combat activity such as, command and control activity, 
coordination and information processing, and so forth (see Table 2.10). 
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Parameter Variation 


Whenever PERFECT is exercised, a specified set of input param¬ 
eters (numerical descriptions) is examined, evaluated, and effectiveness 
projections (E values) are produced. Theoretically, virtually any imagi¬ 
nable tactical situation can be described and effectiveness projections ob¬ 
tained. In most uses, parameters will be varied and the prestored battle 
scenario will be employed. This means that, for example, outcomes of 
otherwise identical battle engagements can be compared for effects of "high" 
versus "low" unit proficiency, terrain advantage, personnel ratio, and so 
forth. In this mode of use, interest is focused primarily on differences in 
obtained outcome values (of E), or in comparative patterns of outcomes 
rather than in specific magnitudes of E ("percentage" of effectiveness). 


Obtaining a Baseline 

In exercising the PERFECT model for purposes of comparing pat¬ 
terns of outcomes, it is desirable to establish a baseline representing, 
perhaps, the most likely conditions. The selected baseline depends, in 
each case, on the user's interests and purposes. However, the process 
can be illustrated. 

During the development of PERFECT, a hypothetical five day test 
mission was developed in which the value for each input parameter was set 
at unity (1.00). Further, no allowances were made for sleep and replace¬ 
ments in the units in question. These input parameters (descriptions) are 
shown below in Table 4. 1. Note that the description (input parameters) in 
Table 4. 1 was composed for illustrative purposes and has no military mean¬ 
ingfulness. It is an arbitrary description serving only as a test exercise. 

The outcome of the sample baseline simulation with input parame¬ 
ters all set to unity (1.00) is shown in Table 4. 2. Table 4. 2 is divided in¬ 
to two parts. Each part reflects one of the outcomes provided by PERFECT. 
Table 4. 2(a) presents projected effectiveness in five major categories of 
combat activity, and Table 4.2 (b) presents the effectiveness for each spec¬ 
ified type of unit. Since types 4, 7, and 8 were not specified among the in¬ 
put parameters, and accordingly not included in the simulation, zero effec¬ 
tiveness is shown for them on each day. Characteristically, in these out¬ 
comes, the greatest effectiveness decrement tends to occur on the early 
simulated days (down the columns) and incremental degradation diminishes 
later. Note that in Table 4. 2 an average effectiveness for each day (across 
the columns) is given--across "factors" and across "combat unit types." 
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Table 4.1 



Unit 

Prof 

Type Factor 


1 

1.0 

Mechanized Infantry squad 

2 

1.0 

Mechanized infantry platoon leadership 

3 

1.0 

Tank crew 

5 

1.0 

Alternate tank crew (2 man) 

6 

1.0 

Forward observer/RTO team 

9 

1.0 

Artillery battery executive officer 

EFM 

1.0 

Enemy/friendly material strength ratio 

EFP 

1.0 

Enany/friendly personnel strength ratio 


Terr. 


Day 

Adv. 


1 

1.0 

Enemy/friendly terrain advantage 

2 

1.0 


3 

1.0 

for 

4 

1.0 


5 

1.0 

each day 

Day 

Llftht 


1 

1 

Light level profile 

2 

1 


3 

1 

for 

4 

1 


5 

1 

each day 

HR 

1 

Hour of day when battle starts 

HSLS 

0 

Hours since last sleep at battle start 








Table 4. 2 

Outcome of Arbitrary (Baseline) Test Exercise 


a. Effectiveness (E) per Day for 5 Types of Combat Activity (Factors) 


Factor 


Day 

1_ 

2 

3 

4_ 

5 

Avr 

1 

0.86 

0.92 

0.76 

0.72 

0.59 

0.77 

2 

0.76 

0.86 

0.70 

0.64 

0.54 

0.70 

3 

0.68 

0.81 

0.66 

0.56 

0.50 

0.64 

4 

0.62 

0.76 

0.63 

0.50 

0.47 

0.59 

5 

0.53 

0.72 

0.60 

0.45 

0.44 

0.55 


b. Effectiveness (E) per Day and Unit Type 


Combat Unit Type 


Day 


2 

3 

4 

5 

6 

l 

8 

9 

Avr 

1 

0.84 

0.72 

0.92 

0. 

0.96 

0.80 

0. 

0. 

0.39 

0.77 

2 

0.74 

0.66 

0.85 

0. 

0.93 

0.64 

0. 

0. 

0.38 

0.70 

3 

0.66 

0.60 

0.80 

0. 

0.90 

0.52 

0. 

0. 

0.37 

0.64 

4 

0.61 

0.55 

0.75 

0. 

0.87 

0.41 

0. 

0. 

0.36 

0.59 

5 

0.57 

0.51 

0.71 

0. 

0.85 

0.29 

0. 

0. 

0.35 

0.55 











Obtaining a Best and Worst Case 

A baseline outcome is one obtained when "average" expected condi¬ 
tions (input parameters) are specified. Then, the effects of deviations in 
one or more conditions on projected baseline outcomes can be examined. 

In some cases, however, it may be advantageous to stipulate the limits on 
the conditions under which the mission in question may have to be carried 
out. The upper limit amounts to the best conditions, and the lower limit 
amounts to the worst conditions. Comparing outcomes under best and worst 
conditions establishes the envelope for intermediate possibilities. 

If the envelope is very narrow, performing runs with intermediate 
input parameter values may not be warranted. On the other hand, the en¬ 
velope may be wide. In this latter case, it is of interest to establish the 
intermediate conditions or whether any changes (combinations of input pa¬ 
rameters) produce an outcome approximating that obtained under the best 
conditions. Similarly, the reverse (approximation of worst conditions) can 
be established to reveal the most "vulnerable" factors in the situation. 

Table 4. 3 shows the inputs to a simulation for a hypothetical "best" 
case. On the left side of the table, the types of military units and the num¬ 
ber of each type (see Table 2.2) participating are listed. The right side 
lists the input parameters used for this "best" case simulation. The unit 
proficiency input parameters represent military units which are superbly 
trained. The enemy has a 3:1 superiority in weapons (EFM) and personnel 
(EFP). Terrain advantage shifts over the five days, but is "fair" overall. 
Lastly, the engagement starts at 1000 hours, and only four hours have 
elapsed since troops slept last. These conditions are in plausible alignment 
with the scenario in Siegel, et a., (1980). 

Table 4.4 shows the outcome obtained with the input parameters spec¬ 
ified in Table 4.3. The interpretation of Table 4.4 is parallel to Table 4. 2. 

The "worst" case for the same hypothetical mission is now specifed 
by making changes in the input parameters as shown in Table 4.5. These 
parameters specify the worst conditions that might be considered for the hy¬ 
pothetical mission. Since Table 4.5. represents the same mission as Table 
4.3, types and number of participating military units are the same and are 
omitted in Table 4,5. Some differences are worth noting. 

First, the participating military units are very poorly trained. Second, 
the enemy has a 6:1 (rather than 3;1) superiority in weapons and personnel 
(EFM, EFP). Third, terrain advantage overall tends to be "poor" rather 
than "fair." Fourth, the battle begins at 1600 hours, and it has been eight 
hours since troops slept last. On the positive side; three tank crews have 
been replaced on the first day of battle. 

^ Table 4.6 shows the outcome obtained with the input parameters 
specified in Table 4. 5. 
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Table 4. 3 


Hypothetical Mission: Best Conditions 


Input Parameters Interpretations 


Unit 

Prof 


1 

U Used 

Type 

Factor 


1 

1 

1 

0.6 

Mechanized Infantry squad 

1 

2 

2 

0.6 

Mechanized infantry platoon leadership 

1 

3 

3 

0.6 

Tank crew 

2 

1 

4 

0.6 

Tank platoon leadership 

3 

1 

6 

0.6 

Forward observer/RTO Team 

3 

2 

7 

0.6 

FIST leadership 

3 

3 

8 

0.6 

Howitzer crew 

3 

4 

9 

0.6 

Artillery battery leadership 

4 

1 




6 

1 

EFM 

3.0 

Enemy/friendly material strength ratio 

6 

2 




6 

3 

EFP 

3.0 

Enemy/friendly personnel strength ratio 

7 

1 




8 

1 

Day 

Terr. 


8 

2 

Day 

Adv. 


8 

3 




8 

4 

1 

5.0 

Enemy/friendly terrain advantage 

9 

1 

2 

2.5 




3 

0.4 

for 

# 

Day ” 5 

4 

0.2 



5 

1.7 

each day 



2*1 

Light 




1 

1 

Light level profile 



2 

3 




3 

l 

for 



4 

4 




5 

4 

each day 



HR 

10 

Hour of day when battle starts 



HSLS 

4 

Hour since last sleep at battle start 
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Table 4. 5 


Hypothetical Mission: Worst Conditions 


Input Parameters 

interpretations 


Unit 



Prof 


Type 

Factor 


1 

1.5 

Mechanized infantry squad 

2 

1.5 

Mechanized infantry platoon leadership 

3 

1.5 

Tank crew 

4 

1.5 

Tank platoon leadership 

6 

1.5 

Forward observer/RTO team 

7 

1.5 

FIST leadership 

8 

1.5 

Howitzer crew 

9 

1.5 

Artillery Battery leadership 

EFM 

6.0 

Enemy/friendly material strength ratio 

EFP 

6.0 

Enemy/friendly personnel strength ratio 


Terr. 


Pay 

Adv. 


1 

5.0 

Enemy/friendly terrain advantage 

2 

1.7 


3 

1.0 

for 

4 

0.6 


5 

0.2 

each day 

Day 

Light 


1 

1 

Light level profile 

2 

1 


3 

1 

for 

4 

1 


5 

1 

each day 

HR 

16 

Hour of day when battle starts 


Replacement Data 
£ Day Type Unit HR 
113 3 10 

HSLS 8 Hour since last sleep at battle start 
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Table 4. 6 


Hypothetical Mission: Outcome Under Worst Conditions 


Effectiveness by Day and Factor (E7) 


Factor 


Day 

l 

2 

2 

4 

5 

6 

1 

0.37 

0.69 

0.67 

0.53 

0.43 

0.54 

2 

0.14 

0.27 

0.42 

0.19 

0.21 

0.24 

3 

0.12 

0.20 

0.33 

0.12 

0.16 

0.19 

4 

0.12 

0.18 

0.28 

0.09 

0.15 

0.16 

5 

0.11 

0.17 

0.24 

0.08 

0.14 

0.15 


Effectiveness by Day and Type (E8) 


Combat Unit Type 


Day 

l 

2 

1 

0.55 

0.34 

2 

0.14 

0.11 

3 

0.12 

0.08 

4 

0.11 

0.06 

5 

0.10 

0.03 


3 4 


0.91 

0.68 

0 . 

0.87 

0.40 

0 . 

0.83 

0.26 

0 . 

0.78 

0.15 

0 . 

0.75 

0.12 

0 . 


6 

1 

8 

9 

Avg 

0.30 

0.52 

0.76 

0.24 

0.54 

0.02 

0.10 

0.30 

0.01 

0.24 

0 . 

0.02 

0.19 

0 . 

0.19 

0 . 

0 . 

0.18 

0 . 

0.16 

0 . 

0 . 

0.18 

0 . 

0.15 
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Best Versus Worst Case Comparisons 

Summary comparison can be made by contrasting the End-of-Day 
averages, which are found at the extreme right in each table. Table 4. 7 
contrasts the End-of-Day averages of Tables 4.4 and 4.6. 


Table 4. 7 


Best/Worst End-of-Day Effectiveness 


Day 

Best 

Worst 

1 

.74 

.54 

2 

.66 

.24 

3 

.64 

.19 

4 

.62 

.16 

5 

.56 

.15 


Even the direct comparison of corresponding numerical values, how¬ 
ever, will be less well and less quickly appreciated than a graphic compar¬ 
ison. That is, each set of values of interest (e.g. , those in Table 4. 7) can 
be plotted so as to produce an equivalent graph as shown in Figure 4. 1. 

it will be evident from Figure 4. 1 that differences are more readily 
apparent in the graphic form, and this is particularly true for comparisons 
of overall trends. At times, it may be useful to plot outcomes of intermedi¬ 
ate conditions within the envelope of the best and worst expected conditions 
(upper and lower limits) so that all potential outcomes may be compared si¬ 
multaneously. 

Sensitive, analytic use of PERFECT should not confine itself merely 
to overall comparisons. PERFECT lends itself to analytic comparisons of 
component details in the overall performance degradation process. For ex¬ 
ample, a Maximum Stress Array may be obtained on-line. Table 4. 8 shows 
selected comparisons of maximum stress values for corresponding types of 
military units under best and worst conditions. These stress values are tak¬ 
en from the same hypothetical mission which constitutes the background for 
Tables 4. 3 through 4. 6. Table 4. 8 indicates vastly different levels of max¬ 
imum stress (MAXST) to be experienced under best and worst conditions. 
Also, the time of day (MAXTM) at which the maximum stress occurs tends 
to be considerably earlier for the worst conditions. 
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A—A Worst Cose 

l _I-1-L. 

<« m n m 

MISSION HOURS 


Figure 4.1. Graph of Table 4.7 




Table 4. 8 


Comparisons of Stress for "Best" and "Worst" Cases 



DAY 

MAXST 

MAXTM 

1 

U 


DAY 

MAXST 

MAXTM 

I 

U_ 

1 

8.34 

24.00 

1 

1 

Mechanized 

1 

3167.07 

24.00 

1 

1 

2 

7.33 

18.00 

1 

1 


2 

5899.31 

18.00 

1 

1 

3 

2.00 

13.50 

1 

1 

Infantry 

3 

4673.01 

13.50 

1 

1 

4 

0.70 

21.00 

1 

1 


4 

2814.48 

12.60 

1 

1 

5 

6.36 

16.70 

1 

1 

Sqnad 

5 

941.59 

16.70 

1 

1 


1 

3.38 

24.00 

4 

1 

Tank 

1 

1893.57 

24.00 

4 

1 

2 

5.36 

18.00 

4 

1 


2 

4480.78 

18.00 

4 

1 

3 

1.41 

13.50 

4 

1 

Platoon 

3 

4155.13 

13.50 

4 

1 

4 

0.50 

21.00 

4 

1 


4 

2567.67 

12.60 

4 

1 

5 

5.02 

16.70 

4 

1 

Leadership 

5 

901.74 

16.70 

4 

1 


1 

12.52 

24.00 

6 

1 

Forward 

1 

4454.51 

24.00 

6 

1 

2 

11.91 

18.00 

6 

1 


2 

7404.75 

18.00 

6 

1 

3 

3.15 

13.50 

6 

1 

Obeerver/KTO 

3 

4860.00 

13.50 

6 

1 

4 

1.11 

21.00 

6 

1 


4 

2916.00 

12.60 

6 

1 

5 

10.71 

16.70 

6 

1 

Team 

5 

972.00 

5.40 

6 

1 


1 

13.74 

24.00 

9 

1 

Artillery 

1 

4640.40 

24.00 

9 

1 

2 

7.75 

18.00 

9 

1 


2 

6696.80 

18.00 

9 

1 

3 

2.29 

13.50 

9 

1 

Battery 

3 

4813.07 

5.50 

9 

1 

4 

0.82 

21.00 

9 

1 

4 

2916.00 

12.60 

9 

1 

5 

7.38 

16.70 

9 

1 

' Leadership 

5 

972.00 

5.40 

9 

1 








While the user will want to develop specific output displays to fit his 
specific need, one final type out plot is frequently useful. Here effective¬ 
ness is plotted against variation of a given parameter or set of parameters 
over a range. Figure 4. 2 presents an illustration of how such a plot might 
appear. Often, superimposing plots for two parameters on the same axis 
helps to clarify trade off possibilities. 


TERRAIN ADVANTAGE 


Figure 4,2. Example of plot of effective n e s s change 
as a function of p a r a meter variations 




45 










references 


Pfeiffer M. G., Siegel, A. I.. Taylor. S. E.. & Shuler. L. Backgrou n d 
Data for the Human Performance in Continuous Operations Guxde_- 
iines. Alexandria; Virginia: U. S. Army Research Institute for 
the Behavioral and Social Sciences, 1979. 


Siegel, 


A. 1. Pfeiffer, M. G., Kopstein, F. F.. Wilson, L.. & Ozkaptan. H. 
Human Performance in Continuous Ope rations—Volume 1. Human 
Performance Guidelines. Alexandria, Virginia: U. S. Army Re- 
search institute for the~Behavioral and Social Sciences, 1979. 


46 


¥1 aiiBft I- 




appendix a 

Graphic Instructions for Running PERFECT Simulation 
(See Step H, Chapter ill) 





GRAPH 1C INSTRUCTIONS FOR RUNNING PERFECT SIMULATION MODEL 


1 . 


KEY: 


OPERATOR 

INPUT 


( COMPUTER OUTPUT 
R- "RETURN" 



Y- YES 

N— NO 

CARRIAGE 
RETURN BY 
COMPUTER 

[ ] VALUE OF 


j OLD PERFECT J R | 



CD 



FRN 

_Lll 


c 


[DATE] [TIME] 

PAINT OFF LINE DATA AND INTERMEDIATE ARRAYS - Y OR N 




3 


c 


3 


r\ 


SET UP 
PROGRAM FOR 
OFF LINE PRINTy 


PREPROCESSING DESIRED YES OR NO ;■= 


3 


Y R 


c 


■0 


PAGE 2 


PREPROCESSING BEGUN 
EFFECTIVENESS CHANGES DESIRED Y OR N 


3 


N |r| -PAGE 2 


INPUT VALUES FOR DAY, PLATOON ACTION, POSITION, 
CRITICAL TASK AND EFFECTIVENESS - SEPARATED BY 
COMMAS - DO NOT SPACE 
RANGE OF DAY 1-5 


RANGE OF PA 
RANGE OF DP 
RANGE OF CT 
RANGE OF EFF 


3 

16 

100 


PRINT 5 ZEROES COMMA SEPARATED TO SIGNAL 
END OF EFFECTIVENESS CHANGES - 


[0].[PA].[DPJ,[CT].[EFFJ R 
0,0,0,0,0 R 


■CD 

<±> 


* TO TOP OF PAGE 2 
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FROM PAGE 















FROM MCE 2 
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FROM PAGE 3 


c 


1 


READ PARAMETERS FROM FILE Y OR 


READ 
PARAMETERS ' 
FROM 
FILE 


HD 


| y | r1 

j 


L T LTU 

□ 

[t 1 p 1 

n 


* 1 


STEP THRU THE INPUT OF EACH 
PARAMETER IN SEOUENCE 
sse(g) FOR DETAILS. PAGE 6 


STOP IF NO MISSION OR 
MANNING CHANGES REQUIRED 


fcj - C LIST PARAMETERS ON LINE Y OR N ■■ 

r 

l Y 1 R 1 



INPUT PARAMETERS 


TYPE 

UNIT PROF 

(UNIT PROFICIENCY) 

[T] 

• 

[UPF] 


• 

EFM 

[EFM] 

(ENEMY/FRIENDLY MATERIAL RATIO) 

EFP 

[EFP] 

(ENEMY/FRIENDLY PERSONNEL RATIO) 

DAY 

TERR ADV 


ID] 

[TA] 

(ENEMY/FRIENDLY TERRAIN ADVANT) 

DAY 

LIGHT 


[D1 

[L] 

(LIGHT LEVEL PROFILE CODE) 

HR 

[HR] 

(HOUR BATTLE STARTS) 

REPLACEMENT DATA 


P 

DAY TYPE 

UNIT HR HSLS (MOORS SINCE 

IR1 

[RO] [RT] 

[RU) (RH) [HSLS] LA * TSLEEP > 


C 


MODIFY PARAMETERS YORN 


3 


c 


N I r h 




PAGE 5 


0—c 
c 


TYPES ARE: UPF, EFM, EFP, EFT A, HR, REP, HSLS, AND END J- J 

~ ~:e- 


INPUT TYPE ;= 


3 


C 



SELECTED TYPE ITI 

0 





INPUT INSTRUCTIONS (E.G., INPUT TYPE AND UPF COMMA SEPARATED) 
INPUT RANGES <E.G.. TYPE RANGE 1- 9, UPF RANGE .6 -1.5) 


) 


SELECTED PARAMETER(S) 


-» TO PAGE 5 


REPEAT UNTIL 
ALL PARAMETERS 
ARE ENTERED 
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FROM PAGE 4 



A 


TO PAGE 3 
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FROM PAGE 4 


^ f INPUT UNIT PROFICIENCY FACTOR 
G )—H RANGE -04-1.6 

— ' V TYPE 1 .•= 


SELECTED VALUE OF UPF(1) 


INPUT OF VALUES 
OF UNIT PROFICIENCY 
FOR EACH T IN USE 
(UP TO 9) 


TYPE 9 ;= 


SELECTED VALUE OF UPf (9) 


INPUT ENEMY/FRIENOLY MATERIAL STRENGTH RATIO. 
RANGE .1 - IttO 


[EFM) R 


INPUT ENEMY/FRIENDLY PERSONNEL STRENGTH RATIO 
RANGE .1 10.0 


INPUT DAILY ENEMY/FRIENDLY TERRAIN ADVANTAGE 
RANGE .2 - 6 DAY 1 


[EFTAtO- 1|] 


[EFTA(0 - 6)] 


TO MQE 7 
















































APPENDIX B 


Simulation Program Description 
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Simulation Program Description 


This Appendix includes a technical summary of the logic and fea¬ 
tures of the PERFECT simulation model. 

Principal subscripts, indicating the scope/size of the model are giv¬ 
en in Table B. 1. 

Inputs to the model consist of the six data arrays shown in Table B. 2 
plus the parameters described in Chapter II, Step D. 


The Preprocessor Module 

The preprocessing is completed in four major stages. These stages 
provide the data for the main simulation processing and reduce the calcula- 
tional complexity during that stage. Prior to these four steps of arithmetic 
processing, the preprocessor allows interactively for changes to be made in 
the data arrays. This is accomplished via a menued sequence of choices and 
questions presented in Chapter II. Range of value checks for all inputs are 
made by the program. 

Starting with the effectiveness matrix, the values for the end of each 
day (D) for each platoon action (PA), duty position (DP), and critical task (CT), 
a smaller matrix is computed whose elements are the geometric mean of the 
effectiveness values for each of the five factors. The result is a matrix E2 
(D, PA, DP, F) of the form: 


Factor 

(F) 

DP = 1 

• • • 

DP = 16 

PA-1 
D- 1 -5 

m 

PA-3 
D- 1 -5 

PA - 1 

D -1 -5 

■B 

PA-3 
D- 1-5 

1 

2 

3 

4 

5 









For any DP having no instances of a given factor, the resulting value 
of E2 is specially identified so that such instances are not tallied into the 
averages calculated in the next step. 
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Table B. 1 


Major Subscripts 


Subscript 

Meaning 

Other Names & 
References 

Value Range 

CT 

Critical task number 

Appendix D&E 

1-29 

D 

Day number 

IDAY 

1-5 

DP 

Duty position number 

IDP, Table 2.1 

1-16 

F 

Factor 

FAC, Table 2.10 

1-5 

H 

Hour number 


0-23 

L 

Light level profile no. 

Table 2.8 

1-9 

PA 

Platoon action number 

IPA, Table 2.3 

0-3 

R 

Replacement number 


1-20 

T 

Type of combat unit 

Table 2.1 

1-9 

U 

Combat unit number 

Table 2.1 

1-5 
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Table B. 2 


Data Arrays 


Data 



Data Array 

FORTRAN 

Name 

Value 

Range 

Require¬ 

ment 

1 

Factor number(s) for each critical 
task 

F (DP,CT) 

1-5 

P 

2 

Effectiveness at end of each day 

E(D,PA,DP,CT) 

1-100 

P 

3 

Manning table, number of troops for 
each duty position, see Table 2.1 

MEN(DP) 

1-10 

P 

4 

Light level values for each hour of 

9 preset type of day situations 

LIGHT (L,H) 

1-9 

M 

5 

Fraction of critical tasks for each 
factor by unit type, see Table B.3 

FTYPE (F,T) 

0-0.999 

M 

6 

Mission Data: 





Platoon Action 

Duration (Hours) 

Day 

Combat unit type 

Combat unit number 

Sequence number 

PA (D,T,U,S) 
DUR (D,T,U,S) 

D 

T 

U 

S 

0-3 

0.1-24.0 

1-5 

1-9 

1-5 

1-24 

M 


P - Preprocessor 
M - Main Program 
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In stage 2, the manning input data are applied to the matrix result¬ 
ing from stage 1 and another matrix E3 (D, PA, F, T) is calculated by av¬ 
eraging over all duty positions according to the equation; 


MEN (DP) X E2 (D, PA, DP, F) 
jj; MEN (DP, T) 


—►E3 (D, PA, F, T) 


The resultant E3 (D, PA, F, T) matrix has the following form; 


Factor 

(F) 

Unit Type 1 


Unit Type 9 

PA =1 
D- 1 - 5 

. . . 

PA = 3 

D - 1 - 5 

» > 

~ II 

1 

>—* 

. . . 

PA- 3 

D - 1 - 5 

1 

2 

3 

4 

5 









The third stage is the translation of matrix E3 (D, PA, F, T) into 
another matrix E4 (D, PA, F, T) in which each element represents the unit 
degradation in effectiveness per hour for all values of D, PA, F, and T as 
follows; 


E4 (D, PA, F, T) = 


E3 (D- 1, PA, F, T) — E3 (D, PA, F, T) 
24 


Both matrices E3 and E4 have the same format, yet E3 contains values of 
effectiveness and E4 contains values of decreases in effectiveness per hour. 

During the fourth and last stage of the preprocessing, the data for day 
6 are added to the E4 (D, PA, F, T) matrix by linear extrapolation. 

E4 (D - 6, PA, F, T) = E4 (D - 5, PA, F, T) - 
[E4(D-4, PA, F, T)-E4(D-5, PA, F, T)] 

E4 (D-6, PA, F, T) - 2 E4 (D- 5, PA, F, T) - E4 (D- 4, PA, F, T) 

Although the simulation per se is limited to five days, data for day six are 
required in order to simulate conditions of stress on day five. 

Note that preprocessing is normally required only when the manning 
table is altered, since it is not expected that values of the original effective¬ 
ness table or the factor table will change. 
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Mission Lead Module 


The mission load module consists of an extensive set of menued al¬ 
ternatives which allows the analyst to identify parameter values in response 
to requests. Input values are verified to fall in the allowed range or are re¬ 
jected. 


Main Processing Module 

The main processing module is generally repetitive in it&processhag. 
It proceeds sequentially through the operation in time from the start to the 
end of the data. The processing is based on the effectiveness data from the 
E4 matrix and is recycled in turn for the following sequential information 
from the mission input: 


Mission Data Element 
Day 

Unit Type 

Unit Number of This Type 

Platoon Action Number 

Duration (hours) of the 
Platoon Action 

Sequence Number 


Element Symbolics 
D 

T = 1 of 9 
U = 1 of 5 

PA (D, U. T) = 0 to 3 

DUR (D, T, U. S)* 0 to 24 

S * 1, 2, . . . within each 
U, T pair. 


The mission input data consist of sets of these data (see Table 2.4) 
representing 24 hour days (except the last day). Accordingly, the operation 
may be initiated at any time of day or night (by the HR parameter) and its dur¬ 
ation specified by mission data inputs. During the processing, the program 
calculates and keeps track of the following variables for each such quartet: 


• current value of effectiveness, ECUR (P, D, T, U) 

• current value of time (days and hours), CTIME 

• current value of the stress factor, STRESS F(T, U) 

• a value of time change corresponding to that stress 

condition, called "stress time," STIME (T, U) 

• length of time since last sleep, SLPDEP (T, U) 


Prior to the start of simulation the following variables are initialized; 


STIME (T, U) =0 stress time 

SD (T, U) =1 stress day 
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CTIME 

= 0 

current time 

ECUR (F, D, T, U) 

* 1 (for D 1) 

current effectiveness 

D 

= 0 

day number 

R 

■ 1 

replacement sequence 
number 

SLPDEP (T, U) 

= HSLS 

sleep deprivation 

STRESS (T, U) 


stress value 

MAXSTR1 (D, T, U) 

= 0 

maximum stress 

MAXTIM1 (D, T, U) 

= 0 

time of maximum stress 


In order to make the scaling of UPF(T) approximately the same as 
EFM and EFP, the following adjustments are made to each UPF(T) value 
before simulation processing: 

if UPF(T)-£ 1, UPF(T) T=-- P f (T - ) , range 0. 1 to 1.0 

o 

if UPF(T) >• 1, UPF(T) * 6 UPF(T), range 1.0 to 9.0 


Current Value of Time 


The current value of time CT1ME for the combat unit under consid¬ 
eration is obtained by adding the current platoon action duration to a running 
total of the unit's prior time preset to zero at the start of the continuous op¬ 
eration simulation. Length of time since last sleep is handled similarly,but 
preset at the start of the action to the value of the "hours since sleep" param¬ 
eter. 


CTIME = CTIME + DUR (D, T, U, S) 


Current Value of Stress 


The current value of the stress factor depends on the parameters; 
light factor LIGHTF(D), enemy/friendly personnel strength ratio (EFP), 
enemy/friendly material strength ratio (EFM), enemy/friendly terrainad- 
vantage (EFTA), proficiency of the combat unit UPF(T), and a variable call¬ 
ed "vulnerability" which is represented by (1 - Efficiency): 

STRESSF(T, U) * EFM EFP LIGHTF(D) UPF(T) EFTA(D) VUL(F) 

Previously VUL(F) is calculated as VUL(F) = 5 [l - ECUR (F, D, T, U)Jfor 
F = 1 through 5. This function is shown in Figure B. 1 and allows values 
of vulnerability from 0 to 5. 
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A final (single) value of stress is calculated for the five factor val¬ 
ues of STRESSF(F) by applying a series of weights calculated from an anal¬ 
ysis of the number of critical tasks within each factor by type of combat units. 
The numbers are given in Table B. 3 (a) and the weights called FTYPE (T, F) 
in Table B. 3 (b). Thus: 

5 

STRESS (T, U) = Z STRESSF (F) -FTYPE (F, T) 

F = 1 

The maximum value of STRESSF (T, U) for each day, unit, and type is sav¬ 
ed for optional output at the completion of the simulation. 

The following calculations are required to determine the value of the 
light factor (LIGHTF) used in determining STRESS (T, U). The value of 
L1GHTF is determined by Table B. 4 based on the input parameter L (see 
Table 2. 8) and the time of day, H, of the midpoint of the platoon action. 
Here: 


H = CTIME + HR - DUR (D, T, U, S)/ 2 

where HR is the input parameter (hour mission starts) and DUR (D, T, U, S) is 
the platoon action duration. Given H and L, a value of LIGHT (L, H) is ob¬ 
tained from the 9X24 matrix of light level values given in Table 2. 7. With 
this value of LIGHT (L, H), the model selects a value for LIGHTF from 
Table B. 4. 


Table B. 4 
Light Factor 


LIGHT (L. H) LIGHTF 

1 3.0 

2 2.7 

3 2.4 

4 2.1 

5 1.8 

6 1.6 


1.4 


1.2 


1.0 


7 

8 
9 










Table B. 3 


Number of Critical Tasks Associated with Each Factor 


(a) 


Unit 

Type Factor 


_T_ 

1 

2 

3 

A 

5 

1 

17 

20 

A 

5 

3 

2 

13 

2 

7 

5 

0 

3 

2 

11 

8 

A 

7 

A 

A 

2 

A 

2 

1A 

5 

1 

10 

1 

2 

3 

6 

17 

1 

A 

3 

3 

7 

1A 

9 

3 

1 

A 

8 

5 

5 

6 

A 

22 

9 

5 

1 

0 

0 

0 




(b) 




Weight of Critical Tasks Associated With Each Factor 
_FTYPE(T,F)_ 


l 

. 3A7 

. A08 

'> 

. A81 

. 07A 

3 

.063 

. 3AA 

A 

. 1 5A 

.077 

5 

.059 

. 588 

6 

.607 

.036 

7 

. A52 

.290 

8 

.119 

.119 

9 

.833 

.167 


082 

.102 

.061 

259 

.185 

0 

250 

.125 

.219 

153 

.077 

. 538 

059 

.118 

.176 

1 A3 

.107 

.107 

097 

.032 

. 129 

1 A3 

.095 

. 52A 

0 

0 

0 
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Stress Affects 


When the stress factor increases, the mod el takes account of this by 
effectively jumping the time ahead for the affected combat unit to simulate 
troops having a lower effectiveness value. The amount of this jump is a func¬ 
tion of the magnitude of the stress factor. It varies linearly from a value 
of zero (for stress factor equal to zero) up to a maximum jump of 24 hours 
if the stress factor has a value of 25 or more. This pseudo time variable 
is called "stress time" and the result is poorer (lower) effectiveness as a 
result of stress. 

The amount of the jump is called HRI (hour increment) as shown in 
Figure B. 2. This calculation is accomplished for the current values (HRI 2) 
and subtracted from the value for this U, T on its prior platoon action (i. e.,. 
HRI 1). To obtain the value of stress affect, STA= HRI2 - HRI 1. The re¬ 
sulting value of stress time is then: 

STIME (T, U) = STIME (T, U) + STA+DUR (D, T, U, S). 

However, if STIME (T, U) >24, the program adjusts to the next day by set¬ 
ting STIME (T, U) = STIME (T, U) -24 and stress day, SD(T, U) = SD(T, U) 
+ 1 and SDAY = SD (T, U). 


Current Level of Effectiveness 


The current effectiveness level at the end of the platoon action is cal¬ 
culated as; 

ECUR (F, D, T, U) = ECUR (F, D, T, U) - E4 (D, PA, F, T) [DUR (D, T, U, S)] 

This indicates that the value of current effectiveness equals the prior value 
less the product of the effectiveness degradation per hour for the current 
stress day and the duration of the platoon action. This completes the ECUR 
calculation if there has been no increase in stress for U, T, i. e. , if STAis 
zero. However, if STA is not zero, adjustments must be made to take this 
stress increase into account (and if the effective stress time carries over 
to the next day, to incorporate the proper E4 value for SD). This is accom¬ 
plished by the following additional logic; 

If CTIME + STA< 24 (i. e., if the additive remains within Day D): 

ECUR (F, D, T, U) - ECUR (F, D, T, U) - E4 (D, PA, F, T) [STA] . 

If CTIME + STAS 24 (i. e., if the additive carries over into Dfl); 

ECUR (F, D, T, U)“ ECUR (F, D, T, U) -E4(F, D, T, U) [24 - CTIME] 

- E4 (SD, PA, F, T) [STIME (T, U)]. 
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Sleep 


If the current platoon action is not a sleep event, then the current 
value of sleep deprivation is the sum of the prior deprivation plus the PA 
duration: 

SLPDEP (T, U) = SLPDEP (T, U) + DUR (D, T, U, S) 


However, if a combat unit is scheduled for sleep (i. e. , if input PA 
type =0 for a combat unit), and if the number of hours of sleep deprivation 
SLPDEP (T, U) is less than 16, then the processing includes the calcula¬ 
tion of the following additional variables which replace those previously de¬ 
scribed for combat actions. 


• number of hours sleep required for 100% recovery 
from sleep deprivation. 


RECOVH 


1 SLPDEP (T, U) 

0.03494 Ln 4.6949 


(see Figure B. 3) 


• percentage recovery time of this sleep. 


PEKREC 


PUR (D, T, U, S) 
RECOVH 


• percentage of normal function recovered by this sleep, 

PERNORM = (PERREC) °‘ 5 (see Figure B. 4) 

• number of effective hours decrease in stress time as 
a resuIt of this sleep, 

EFFECT - (PERNORM) (SLPDE1 (U, T)) 

• stress time, 

STIME (T, U) » ST1ME (T, U) - EFFECT 

if STIME (T, U) < 0, then SPAY - SD (T, U) = SD (T, U)+ 

1 and STIME (T, U) = 24+ ST1ME (T, U) 


• current effectiveness, 

if EFFECT — CTIME (T, U)< 0, then all changes occur 
in same day. In this case, ECUR (1", D, T, U) = ECUR 
(F, D, T, U) + E4 (P, PA, F, T) [EFFECT] for F = 

1, . . . 5 otherwise ECUR (F, P, T, U) - ECUR(F, D, T, U) 
+ E4 (P, PA, F, T) [CTIME] + E4(SDAY, PA, F, T) 
[EFFECT - CTIME] F - 1, . . . 5 

• sleep deprivation, 

SLPDEP (T, U) = SLPDEP (T, U) [ (1 - PERREC) 20] 
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End of Dav Effec tiveness 


At the end of eac h day's calculation, the elements of ECUH (K, D, T, U) 
are the end-of-day effei tiveness values for each day, factor, unit type, and 
unit. It is helpful to conceptualize this matrix as being of the following form; 


Factor 

(F) 

Combat Unit Type 1 

... 

Combat Unit Type 9 

U = 1 

Ii* 1 - 5 

• • • 

Last U 

D= 1 - 5 

u -1 

D= 1 - 5 

. . . 

I^ast U 

D = 1 - 5 

1 

2 

3 

4 

5 









Personnel Replace mem 

A replacement operation is made whenever, during ihe main proces¬ 
sing module calculations, a condition is reached corresponding to a specified 
unit, unit type, day, and time when the anaicst has specified replacement of 
that unit in the original parameter input data. Entry into this matrix allows 
appropriate adjustment of variables to represent the replacement (platooning) 
of the selected unit i>\ a fresh one, i. e. , one for whom conditions (sleep de¬ 
privation, effectiveness, etc. ) are ihe same as for the simulated personnel 
at the start of the operation. The model presentlx allows up to 20 such unit 
replacements during simulated continuous operations. If a replacement of 
combat personnel (of tin; type assigned to this platoon action) is specified by 
the input da'a (i.e., it HT(K)- T, RU(K) =U, HID (K) - D, and KH (H) < CTIME), 
then; 

(1) stress t ime is reset ; STIATE (T, l.')= 0, SD (T, l) = 1 

(2) eiTc'c’ivetiess is reset to 1 ; ECFR(F, 1), T, 1") = 1 (all F) 

(3) sleep deprivation is reset ; SI .1M)EP (T, F) r —————(1 — HX) 


(4) ihe next replacement is set ; R = R + 1 


Data Summary 

The output portion of the program operates on the ECUH (F, D, T, U) 
matrix after all nu.-i.-iion data have been completely processed by the main pro¬ 
cessing module. Its principle operations are averaging ECFK (F, D, T, F) 

















matrix values and providing either for listing these data on a line printer 
or terminal. First, end of day effectiveness values are averaged over all 
units of a given type. This yields a matrix E6 (F, D, T) of the following 
form: 



Using the E6 (F, D, T) matrix, the model generates two additional 
but smaller tables for listing. These are E7 (F, D) and E8 (D, T) which 
show end of day effectiveness values by factors and by combat unit type re¬ 
spectively. Table 3. 1 shows the formats of these matrices by example. 

Also reported as output are maximum values of the stress as they 
occur during the simulation. The maximums are retained in storage for 
each unit type and are available in listed table form by the day after each 
simulation run. The output table contains the following information about the 
stress factor peak values^ unit type number (T), day number (D), stress fac¬ 
tor value (MAXST), time of day (MAXTM), and unit number (U). An exam¬ 
ple of this output is shown in Chapter III, Step K. 4. 











APPENDIX C 

(a) List of Program Subroutines 
(b) General Flow Chart of Simulation Subroutine 
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(a) List 


Subroutine Name 


CFPARA 

CALCHRI 

INPMISS 

INPUT 

MDPARA 

OFFLPARA 

ONLMISS 

ONLPARA 

PERFECT 

PREPRO 

RFPARA 

SIMU 

WFPARA 


pf Program Subroutines 


Function 


Create parameter file 

Calculate HRI 

Mission inputs 

Control parameter input 

Modify parameters 

List parameters off-line 

List mission on-line 

List parameters on-line 

Mainline simulation 

Preprocessor 

Read parameter file 

Simulation and sleep calculations 

Write parameter file 


FRBCSCIIO page hunk-not filmed 
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FROM 
PAGE I 


CONSIDER NEXT MISSION 
PLATOON ACTION 


NEXT DAY 



SET NEW VALUE OF U. 
RESET STRESS FACTOR 

D = D+1 


\ CHANGE/ 

STRESSF (T,U) = 0 



X ? z 

U = U+1 


/COMBAT 
TYPE NO 
-CHANGE 

\ > 


RESET STRESS FACTOR 


SET NEW VALUE OF T 

STRESSF (T,U) = 1 


TYPE OF UNIT 


/ SLEEP \ 
Z ACTION ^ N 
PA(D,T,U,S) = 0? 
SLEEP 

VDEPRIVATION/ 

\ >16 Z 




TO PAGE 3 


CALCULATE SLEEP DEPRIVATION, RECOVERY, 

PERCENT RECOVERY TIME, PERCENT NORMAL 
FUNCTION RECOVERED EFFECT, STRESS TIME 
AND CURRENT EFFECTIVENESS 

HFrm/H - 1 SLPDEP 17,U) 

REC0VH ‘ ln " 41949 

PERREC = DUR (D.T.U.S) / RECOVH < 1 

PERNORM - (PRREC) 05 

EFFECT = (PERNORM) [SLPDEP (T,U)1 

STIME (T,U) = STIME <T,U) - EFFECT 

SLPDEP (T,U) = [SLPDEP (T,U)] [1-PERREC1 >0 

IF STIME (T,U), SD (T,U) = SD (T,U) + 1 

STIME (T,U) = 24 + STIME (U,T) 

ECUR(F,T,D,U) = ECUR (F.T.D.U) + E4 (D.PA.F.T) [EFFECT] 
IF EFFECT - CTIME (U,T) <0 
ECUR(F,D,T,U) = ECUR IF,D,T,U) + E4 (D.PA.F.T)[CTIMEI 
+ E4 (SDAY,PA,F,T) [EFFECT - CTIME], OTHERWISE 




















TO OUTPUT 






















Note A 


H = CTIME - PUR (U, T) + HR 
2 

OLDSTRESSF = STRESSF (U, T) 

For F = 1, ... 5: VUL(F) = 5[1 - ECUR(F, D, T, U)] 

For F = 1, ... 5: STRESS(F) = EFM- EFP* LIGHT(F)* UPF(T) -EFTA(D)- VUL(F) 

5 

STRESS(T, U)= 2 STRESS(F)- FTYPE(F, T) 

F = 1 

HRI1 = f| (OLDSTRESS) 

Zd 

24 

HRI2 = — [STRESS(T, U)] 

STA = HRI2 - HRI1 


Note B 

STIME(T, U) = STIME(T, U) + STA + DUR (D, T, U, S) 
if STIME(T, U) A 24 STIME(T, U) = STIME(T, U) - 24 
SD(T.U) = SD(T, U) + 1 
SDAV = SD(T, U) 

For F = 1,... 5; 

ECUR(F, D,T, U) = ECUR(F,D, T, U) - E4 (D, PA, F, T)[DUR(D, T. U, S)] 
if CTIME + STA <24 (stress for D) 

ECUR(F, D, T, U) = ECUR(F, D, T, U) - E4(D, PA, F, T)[STA] 
otherwise: (stress for D + 1) 

ECUR(F, D, T, U) = ECUR(F, D, T, U) - E4(D, PA, F, T)[24 - CTIME ] 

- E4 (SDAY, PA, F, T, ) [STIME(T, U)] 

If HRI1 = HRI2 = 24 and if STRESS(T, U) >25 then 
ECUR(F, D, T, U) = ECUR(F, D, T, LI) - E4(SDAY, PA, F, T) 


Tstress" 

Tdur(d, t, u, sj) 

L 25 

L 24 J 
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APPENDIX D 
Projected Effectiveness 

E (D, PA, DP, CT) for Critical Combat Tasks 

The full scenario from which the critical tasks 
were drawn is found in Siegel, et al. ,(1979). 
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Mechanized Infantry: Squad Leader 









Mechanized Infantry: Platoon Leader (cont. 
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Armor; Tank Platoon Leader 
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Armor; Tank Gunner 
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FIST; Chief 
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APPENDIX E 


FACTOR TABLE INPUT 
FAC(CT.PP)" ~ 


Duty Position 

Critical _ (DP) 

Task Mo. 






















Variable Name (FORTRAN) 
CTIME 

E2 (D, PA, DP, F) 

E3 <D, PA, F, T) 

E4 (D, PA, F, T) 

E6(D, F, T) 

E7 (D, F) 

E8(D, T) 

ECUR (F, D, T, U) 

EFFECT 

H 

HRI 1, HRI2 


LIGHTF(D) 

PERNORM 

PERREC 

RECOVH 

RN 

SD (T, U) 
SLPDEP (T, U) 
STA 


Definition; explanation 

Current time of day (hours) 

End of day effectiveness matrix summarized 
over all critical tasks 

End of day effectiveness matrix averaged 
over all duty positions 

Effectiveness decrement per hour each 
day 

End of day effectiveness values averaged 
over all units of each type 

End of day effectiveness values averaged 
over all units and all types 

End of day effectiveness values averaged 
over all units and all factors 

Current value of effectiveness for day (D), 
factor (F), unit type (T), and number (U) 

Number of stress time decrease hours as a 
result of this sleep 

Time of midpoint of the platoon action (hours) 

Hour increment, amount of time correspond¬ 
ing to the current stress condition (hours) 

HRI 1 - prior for this U, T 

HRI 2 - current for this U, T 

Light factor dependent upon LIGHT (L, H) 

Percentage of normal function received by 
current sleep number 

Percentage recovery time resulting from 
current sleep 

Hours sleep required for 100% recovery 
from sleep deprivation 

Pseudo random number, equiprobable in 
0-1 range 

Day number corresponding to current stress 
condition 

Number of hours since last sleep (sleep de¬ 
privation) 

stress additive - HRI 2 — HRI 1 « increase 
in time stress since last platoon action 
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STIME (T, U) 


STRESS (T, U) 
STRESSF (T, U) 
VUL(F) 


- Stress time - -time of day in SD correspond¬ 
ing to current stress condition 

- Current value of stress 

- Current value of stress factor 

- Vulnerability = 1 - Effectiveness 


Parameter Name (FORTRAN) Definition; explanation 


EFM 

EFP 

EFTA(D) 

HR 

HSLS 

L(D) 

RD (R) 

RH (R) 

RT (R) 
IW(li) 
UPF(T) 


- Enemy/friendly material strength ratio 

Enemy/friendly personnel strength ratio 

Enemy/friendly terrain advantage ratio 
for each day 

- Time of day battle starts, an hour number 

- Hours since last sleep at start of battle 

- Light level pr ofile for - each day 

- Unit replacement data --day number of battle 

- Unit replacement data -- time of day 

- Unit replacement data -- combat unit type 

- Unit replacement--combat unit number 

- Unit proficiency factor, proficiency of troops 
in each unit 


Subscript 

CT 

D 

DP 

F 

H 

L 

PA 

R 

T 

U 


Definition; explanation 

- Critical task number 

- Day number 

- Duty position number 
Factor 

Hour number 

Light level profile number 
Platoon action number 

- Replacement number 

- Type of combat unit 

- Combat unit number 


Data Arr ays 


- See Table B. 2 
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APPENDIX G 

Model Implementation on the U 1100 System 









The model, described previously, is also hosted on the UNIVAC 1100 
system, ARRADCOM, Aberdeen Proving Ground. At the ARRADCOM the mod¬ 
el was compiled on the FORTRAN (ASCII) compiler. This appendix presents 
specific instructions for exercising the PERFECT model on that system. As 
such, the Appendix supercedes Step F and Step G (pages 21, 23) of this manual 
and parts of Step K when the ARRADCOM's UNIVAC 1100 system is used. 


Step F. (U 1100) Terminal Log-On 


1. Dial the phone number of the computer center (for 
remote operation). 

2. Turn the modem or coupler "ON" (if it is a device 
separate from the terminal). 

3. Upon hearing a high pitched sound in the phone's re¬ 
ceiver, place the phone's handset into the modem 
(coupler). Be sure the mouthpiece is placed in the 
cord end receptacle. 

4. Turn the terminal's mode switch to the "LINE" ("RE¬ 
MOTE") position to indicate that interactive (not local) 
operations are to follow. 

5. Enter appropriate Site ID and depress RETURN (in 
the following the.*) sign indicates the necessity to 
depress the RETURN key). 

6. Enter "PASSWORD.!^ 

After entering the PASSWORD, the system will re¬ 
spond with a " > " symbol. This symbol indicates 
that the system is soliciting a command. 

7. Enter: @RUN user's name, 855A1F, PERFECT^ 

@ASG, A PERFECT.^) 

The ASG statement prepares the program for use. 

The system will respond with, READY or a FACIL¬ 
ITY WARNING. Either of these indicates that the 
next command can be entered; 

@ADD PERFECT. STARTS 

The add statement initializes the data files and exe¬ 
cutes the model. It will be followed by a series of 
READY or FACILITY WARNING responses followed 
be the first statements of the model. (Following this, 
PERFECT runs as described in the body of this Man¬ 
ual. ) 
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Step G. (U 1100) Other Terminal Operations 


This section describes some utility operations which a terminal operator 
may need before, during, and after simulation model runs. Each is independent 
of the other and these procedures may be performed in any order. 

1. To terminate terminal operations: 

a. Enter: 

@FIN^ 

This action will be followed by a cost itemi¬ 
zation for the session. 

b. Enter: 

@@TERM^ 

This action will disconnect the line. 

2. To correct operator typing errors: 

a. To delete a line entered prior to its trans¬ 
mission to the computer; hold down the 
"CONTROL" key and simultaneously press 
the "X" key. 

b. To delete the most recent character (TTY 
only) entered prior to its transmission, 
hold down the "CONTROL" key and simul¬ 
taneously press the "Z" key. 

3. To terminate a terminal print before its completion or 
to signal completion of all runs desired for a single ses¬ 
sion: 

a. Press the "BREAK" key. 

b. Enter: 

@@X TIQ*> 

The computer will respond with an EXE¬ 
CUTION TERMUNATED and the solicitation 
mark. ( > ) 

4. To list the basic files stored as part of the program: 

a. Obtain the computer solicitation 

b. For a data file listing select the desired file 
and enter: 

@DATA, L File name.^> 

@END 

The data files that can be examined are: 
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Content 


File Name 


Effectiveness = El 
Factors 
Manning 
Mission 
Effectiveness 
Reduction = E4 
Parameters 


EFF1. 

FACTORS. 

MEN. 

MISSION. 

E4. 

PARAMET. 


Note: Each file name must end with a period, e.g., 
©DATA, L EFFl.^) 

c. To have a subroutine or element listed enter: 

@PRT PERFECT, subroutine or element name^) 

Q m g # 

@PRT PERFECT. SIMU^) 

Note: Each subroutine or element name does not 
end with a period, only the file name, PERFECT, 
ends with a period. 


Step K. 03 1100) 


For U 1100 exercise of the model, the following replaces Step K: 12, 13; 

1. After a terminal session (each run), the user can request 
a printout of the intermediate arrays including preproces¬ 
sing. 

a. After " > " enter: 

@ADD PERFECT. NOSEDATA*) 

b. The computer will respond: SENT BY name. 

c. The intermediate data file will be printed out at 
Aberdeen and sent to the user. 

2. Alternately, these intermediate results maybe noted on 
the terminal. 

a. Enter: 

@DATA,L NOSEDATA.^) 

@END^1 

b. The date will be printed at the remote terminal. 
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New Changes 


The U 1100 implementation is essentially the same as the prior version 
of PERFECT except for the addition of a new function and new elements. The 
new function, the PERFECT. KOMPCH function, replaces the KOMPCH subrou¬ 
tine which is a system feature specific to the Honeywell System. 

The new elements are: 

1. PERFECT. START 

2. PERFECT. DATA 

3. PERFECT. NOSEDATA 

The PERFECT. START is used to start PERFECT, and is made up of as¬ 
signment and execution statements. The PERFECT. START element contains the 
following: 


@ASG, A 

EFF1. 

@ASG,A 

FAC TORI. 

@ASG, A 

MEN. 

@ASG, A 

MISSION. 

@ASG, A 

PARAMET. 

@ASG, A 

E4. 

@ASG, A 

NOSEDATA 

@XQT 

PERFECT. 


The first six of these concern the assignment of input data files. The 
sixth assigns the detailed output file, while the final statement executes the pro¬ 
gram. The content of each data file is: 


File 

Content 

Comment 

EFF1. 

Contain effectiveness 
data. 

File read by PREPRO 
Effectiveness changes 
written into by PREPRO. 

FACTOR1. 

Contains duty position, 
critical task and factor 
data. 

Read by PREPRO. Changes 
written into file by PRE- 
PRO. 

MEN. 

Contains manning infor¬ 
mation. 

Read by PREPRO. Changes 
written in file by PREPRO. 

MISSION. 

Contains the mission 
data, e.g. , day, type, 
unit, sequence, pla¬ 
toon activities, end 
duration. 

Read by MISSION. 

Changes written in file by 
MISSION. 
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PARAMET. 


Contains the parameter 
data. 


Read by INPUT. 
Written to file by 
WFPARA. 


E4. 

Effectiveness decre¬ 
ment data. 

Calculated/written 
into file by PREPRO. 
Read by READE4. 

NOSEDATA. 

Contains internal array 
including preprocessing. 

I/O written into be 
most subroutines. 


The second new element is the PERFECT.DATA which contains copies 
of each of the input data files. This is intended as a reserve in the case of loss 
of working data files. For this purpose, the editor is used and the appropriate 
data split from the file. For splitting purposes, the data are arranged as fol¬ 
lows: 


1 . 

EFF1. 

lines 

21. 

278 

2. 

FAC TORI. 

lines 

285, 

302 

3. 

MEN. 

lines 

311, 

311 

4. 

MISSION. 

lines 

319, 

660 

5. 

PARAMET. 

lines 

669, 

711 

6. 

E4. 

lines 

74, 

855 


To restore a damaged input data file, say PARAMET. , first it must be 
cleared and reassigned. 

Enter: 

@DELETE PARAMET.J 
@ASG, C PARAMET*) 

Then the editor must be called by entering: 

@ED,R PERFECT.DATAj) 

Once the prompt is received enter: 

SPLIT PARAMET. 669,711*) 

To exit from the editor, enter: 

EXIT*) 


The third new element PERFECT. NOSEDATA facilitates the printing of 
intermediate data at Aberdeen. (See Step K. (U 1100) #2, this supplement.) 
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1 AIR FORCE HUMAN RESOURCES LAB AUN; AFhRL/TSR 
) FEDERAL AVIATION AOMINISTRATION CENTRAL region LIBRARY. Ace -66 
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1 AFAMwL/BB 
1 AFAMkL/HE 

1 NAVAl PERSONNEL R AND 0 CENTER CONMANO aNO SUPPORT SYSTEMS 

1 NAVY PERSONNEL R ANO 0 CENTER / 

1 NAVY PERSONNEL R ANO 0 CENTER DIRECTOR OF PROPRAmS 

1 NAVY PERSONNEL R ANO 0 CENTER / 

1 US ARMY AVN ENGINEERING FLIGHT ACTIVITY ATTNt DAvTE-TO 
? OFC uF NAVAL RESEARCH PERSONNEL AND TRAINING RESEARCH PROGRAMS 
1 NAVAl PERSONNEL R ♦ 0 CENTER / 

1 OFC OF NAVAL research PROJECT officer* environmental PHYSIOLOGY 
1 OEPT. OF NATIONAL DEFENCE DEFENCE ANO CIVIL INSTITUTE OF ENV1R MED 
1 NAVAl AEROSPACE MEDICAL RSCH LAB AEROSPACE PSYCHOLOGY DEPARTMENT 
1 USA TRADOC SYSTEMS ANALYSIS ACTIVITY ATTN: ATAA-TCA 

i heaOuUarters* coast guard chief* psychological rsch bp 

1 USA RESEARCH and TECHNOLOGY LAB ATTN: DAVDL-AS (dr* P. s* DUNN) 

1 USA ENGINEER TOPOGRAPHIC LABS ATTN: ETl-GSL 

1 USA ENGINEER TOPOGRAPHIC LABS ATTN: ST INFO CENTER 

I USA FNG1NEER TOPOGRAPHIC LABS AlTNj ETl-TD-S 

1 USA MOBILITY EQUIPMENT R ANO D COMO ATTN: DRDHE-TO (SCHOOL) 

l nigh: vision lab attn: drsel-nv*sdd 
1 USA IRAINING BOARD ATTN: ATTG-AJB-TA 
1 USA HUMAN engineering LAB 
1 USAHFL LIAISON REp* USAAVNC / 

1 USA MATERIEL SYSTEMS ANALYSIS ACTIVITY ATT**: DRXsY-C 
1 USA RESEARCH oFC / 

1 NAFEC human ENGINEERING branch 

i battflle-columbus laboratories tactical technical ofc 
I USA arctic test cen attn: AMSTt-PL-TS 
1 USA COLD REGIONS TEST CEN ATTN: STECR-OP 
1 USA CONCEPTS ANALYSIS AGCY ATTNj CSCA-RQP 

1 USA CONCEPTS ANALYSIS AGCY ATTN1 CSCA-JF 

I HQ VRAIR DIV Of NEUROPSYCHIATRY 
1 USACaCOA ATTn: ATZL-CAC-IC 
1 USACaCOA ATTn: ATZL-CAC-1M 

l usacaC attn: a t zl-cac-ia 

1 USACaCOA ATTn: ATZL-CAC-A 

1 USA I-LECTRONIC WARFARE LAB CHIEF, INTELLIGENCE MaTER DEVEL ♦ SUPP 0FF 
1 USA hSCH OEVEL ♦ STANOARUIZA GP» U.K. 

1 AFWAI/FIGR (CDlC) 

1 USA RESEARCH and DEVELOPMENT Labs CHIEF, bEHAV SCIENCES DIV, FOOD SCI LAB 
1 TRAJaNA attn: SAJS-OR 

1 NAVAl AIR SYSTEMS COMMAND ATTn: AIR-SJ13 
1 ECOM ATTN; AMSEL-CT-0 
1 USACoEC TECHNICAL INFORMATION CENTER 
1 USAAmL LI 0 RARY 

1 HUMA N RESOURCES RSCH ORti (HUMRRO) / 

1 sevii le Research c° rp opaTion 

1 USA IRADOC SYSTEMS ANALYSIS ACTIVITY attn: ATAA-SL (TECH LIBRARY) 

1 UNIFORMED SERVICES UNIT OF The HEALTH SqI DEPARTMENT of PSYCHIATRY 
1 US A COMPUTER SYSTEMS cOMMaNo a TTN1 COMMAND TEOHNIcaL LIbRaRY H-9 
1 HUMAN RESOURCES RSCH ORG (HUMRRO) 

1 HuMRmO library 

l EUSTIS DIRECTORATE. USAAMHUL TECHNICAL LIBRARY 
1 RAND CORPORATION / 

1 RAND CORPORATION ATTN: LIBRARY U 

1 FEDERAL AVIATION ADMINISTRATION attn: CAMI LIBRARY ACC-44D1 
1 NAFEC LIBRARY, ANA-64 

1 GRONlNGER LIBRARY attn: aTZF-RS*L BLOG 1313 
1 CENTER FOR NAVAL analysis 
1 NAVAl HEALTH RSCH CEN LIBRARY 
1 NAVAl ELECTRONICS LAB ATTN: REStARCH LIBRARY 
1 NAVAl PERSONNEL R AND D CEN LlRKARY ATTN: CODE Pl06 
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1 AIR FORCE HUMAN RESOURCES las AlTNt AFHRL/OTS 
1 HQ* FT. HUACHUCA ATTNt TECH R£F DIV 

1 USA aCAOEMy OF HEALTH SCIENCES STIMSON LIBRARY (DOCUMENTS) 

1 SCHOOL OF SYSTEMS AMO LOGISTICS / 

1 usamfrdc technical library 

1 OERAhTMENT OF The NAVY TRAINING ANALYSIS aNO EVALUATION GP 
! NATIONAL CENTER FOR HEALTH STATISTICS / 

1 USHA OEPT OF BEHAVIORAL SCI AND LEADERSHIP 
1 OLO OOMINION UNIVERSITY PERFORMANCE ASSESSMENT LABORATORY 
1 USA COMMAND AND GENERAL STAFF COLLEGE ATTNt LIBRARY 
1 USA TRANSPORTATION SCHOOL USA TBANSP Tech INFO AND RSCH CEN 
1 NASA HO / 

1 NMROC PROGRAM MANAGER FOR HUMAN PERFORMANCE 
1 NAVAl MEDICAL R ANO D COMMAND <♦♦> 

1 USA aDMINCEN TECHNICAL RESEARCH BRANCH LIBRARY 

2 HOOA USA MED RSCH AND DEVEL COMMAND 
1 USA FIELD ARTY BO / 

1 NAT CLEARINGHOUSE FOR MENTAL HEALTH INFO PARKfcAWN BLOG 
1 U OF TEXAS CEN FOR COMMUNICATION RSCH 
1 INSTITUTE FOR DEFENSE ANALYSES 
1 USA TRAINING SUPPORT CENTER ATTNt ATIC-DST-PA 
1 AFHRl TECHNOLOGY OFC (M) 

1 PURDUE UNIV DEPT OF PSYCHOLOGICAL SCIENCES 
1 USA MOBILITY EQUIPMENT R ANO 0 COMMAND ATTN: ORDmE-Zg 
1 HO* USA MOM ATTN: ANPE-OE 

1 OA US ARMY RETRAINING boe RESEARCH ♦ EVALUATION DIVISION 
1 CALSPAN HUMAN FACTORS ANO TRAINING CENTER 
1 USA aEROMEdICa*- RESEARCH Lab SCIENTIFIC INFORMATION CENTER 
1 USaF SCHOOL OF AEROSPACE MEDICINE AEROMEDICAL LIBRARY (TSk-4) 

1 US MILITARY ACADEMY DEPT. OF HISTORY* BLDG 601 
1 USA INTELLIGENCE CEN ANO SCH ATTNt SCHOOL LIBRARY 
1 USA INTELLIGENCE CEN AND SCH ATTNt ATSI.QT'DL 
1 MARINE CORPS INSTITUTE 

i navai safety center / 

1 USAAVNC ANO FT. RJCKER ATTN! aTZQ-ES 
1 US AnMY AVN TNG LIBRARY ATTNt CHIEF LIBRARIAN 
1 USAAwNC ATTN: aTZQ-D 

1 US MILITARY ACADEMY DIRECTOR OF INSTITUTIONAL RScM 
1 USA aIR DEFENSE SCHOOL ATTN: aTSA-CO-MS 
1 USAAuS-LIBRARY-DOCUMENTS 

i usa aIr defense board attn: FiLts repository 
1 USA INFANTRY BOaRO attn: atzb-ib-ae 
1 USA INTELLIGENCE CEN ANO StH aUN: aTSI-OOTO-$F 
l USA ORDNANCE CEn ANO SCH ATTNj ATSL-TD-TAC 
1 USA aRMOR SCHOOL attn: atzk-to 

1 USA ARMOR CENTER DIRECTORATE OF COMBAT DEVELOPMENTS 
1 NAVAI POSTGRADUATE SCH ATTN: OUULEY KNOX LIBRARY (COoE 1*24) 

1 USA IRANSPORTATION SCHOOL DEPUTY ASST. COMMANDANT EDUCA. TECHNOLOGY 
1 USA SIGNAL SCHOOL ANO FT. GORDON ATTNt ATZH-ET 

1 USA aRMOR CENTER ♦ FT. KNOX OFFICE OFi ARMOR F9RCE MGT ♦ STANDARDIZATION 
1 CHIEF OF NAVAL EDUCATION AND TNG / 

1 USA SIGNAL SCHOOL ♦ FT. GORDON EDUCATIONAL TECHNOLOGY 01VISION 
1 HQ AlC/XPTO TRAINING SYS1EMS DEVELOPMENT 
1 USAIsO ATTN*. ATSIE-DT 
i us army armor center attn s atzk*td-pmo 

1 USA uUaRTERMASTeR SCHOOL DIRECTORATE OF TRAINING DEVELOPMENTS 

i us Coast Guard academy / 

1 USA TRANSPORTATION SCHOOL DIRECTORATE OF TRAINING ♦ DOCTRINE 
1 USA INFANTRY SCHOOL LIBRARY / 

1 USA INFANTRY SCHOOL ATTN: atsh-I-v 
1 US ARMY INFANTRY SCHOOL ATTN: ATSM-CO 
1 USA INFANTRY SCHOOL ATTN: ATSh-UOT-lRD 
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1 USA INFANTRY SCHOOL ATTN: ATSH“£V 

1 USA mP ♦ CHEM SCH/TN6 CEN ♦ FT. MCCLELLAN ATTN: ATZN-PTS 

1 USA mP ♦ CHEM SCH/TN6 CEN ♦ FT. MCCLELLAN DIRf COMBAT DEVELOPMENT 

1 USA mP ♦ CHEM ScH/TNG CEN ♦ FT. MCCLELLAN DIR» TRAINING DEVELOPMENT 

1 USA mP ♦ CHEM SCH/TNG CEN ♦ FT. MCCLELLAN ATTNj aTZN-MP-ACE 

1 USA INSTITUTE OF ADMINISTRATION ATTNl RESIDENT TRAINING MANAGEMENT 
1 USA l-IELD ARTILLERY SCHOOL MORRIS SWETT LIBRARY 
I USA INSTITUTE OF ADMINISTRATION ACADEMIC LIBRARY 
1 USA wAR COLLEGE ATTN: LIBRARY 

1 USA ENGINEER SCHOOL LIBRARY AND LEARNING RESOURCES CENTER 
1 USA aRMOR SCHOOL (USARMS) attn: LIBRARY 
1 ORGANIZATIONAL EFFECTIVENESS CEN ♦ SCH ATTN: LIBRARIAN 
1 US army INTELLIGENCE CENTER ♦ SCHOOL ATTN: ATSI-TD 

1 us awmy intelligence center ♦ SCHOOL ATTN: ATSI-RH-M 

1 US AWMY INTELLIGENCE CENTER ♦ SCHOOL ATTN: AT$I-TD-LO 

1 US AWMY INTELLIGENCE CENTER ♦ SCHOOL ATTN: ATSI-CD-CS-C 

1 US AwMY INTELLIGENCE CENTER ♦ SCHOOL ATTN: AT$I-dT-SF-IM 

1 OEPAwTMENT OF The air force air university library <aTC> 

1 HQ TwADOC TRAINING DEVELOPMENT INSTITUTE 

2 BRITISH EMBASSY BRITISH DEFENCE STAFF) 

2 CANADIAN JOINT STAFF 
1 CDLS (W) LIBRARY 

1 FRENCH ARMY ATTACHE 

1 AUSTRIAN EMBASSy DEFENSE* MILITARY AND AIR ATTACHE 

3 CANADIAN OEFENCE LIAISON STAFF ATTN: COUNSELLGR, DEFENCE R AND D 
1 ROyAI NETHERLANDS EMBASSY MILITARY ATTACHE 

1 CANADIAN FORCES BASE CORNWALLIS ATTN: PERSONNEL SELECTION 
? CANADIAN FORCES PERSONNEL APPL RSCH UNIT 

1 arm y personnel research establishment 

1 NETHERLANDS EMBASSY OFFICE OF THE AIR ATTACHE 
6 LIBRARY OF CONGrESS EXCHANGE AND GIFT OIV 
l DEFENSE TECHNICAL INFORMATION CEN ATTN: 0T1C-0DA-2 
UO LIBRARY OF C0N6RESS unit documents expediting PROJECT 

i us gdvernment printing ofc library, public documents department 
i us government printing ofc library and statutory, lib div csll> 

1 THE army library ATTN: ARMY STUDIES SEC 

3 ROYAI ARMY EDUCATIONAL CORPS CENTRE ARMY SCHOOL OF TRAINING SUPPORT 
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